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Statistics, Probability 
and the 


Theory of Games 


DELAY LINES, INDUCTORS, 
FILTERS AND CHOKES... 


ARNOLD IRON POWDER CORES 
CUT COSTS 


iron powder cores are commonly speci- 
fied for such applications as delay lines 
(illustrated below), inductors, filters and 
filter chokes because of their inherent 
low cost. And Arnold cores are your 
logical choice, for the principal reasons 
of superior dependability and the wide 
selection available to you. 

Arnold's overall magnetic know}- 
edge, and unequalled facilities for 


manufacture and test, are of prime im 


portance in assuring you a source of 
c 


cores that are highly uniform, shipment 
after shipment. You'll find them de- 


pendable, not only in permeability and 


resultant inductance at high frequen- 
cies, but in high mechanical strength 
and dimensional accuracy as well. 
The Arnold line also offers a wider 
range of shapes and sizes of iron powder 
cores for your selection than any other 
one brand on the market. It includes 
bobbin cores, cups, toroids, plain, sleeve 


and hollow cores, threaded cores and 
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insert cores, etc. Facilities for special 
cores to your order. Ask for new Bulle- 
tin PC-109A. @ Write The Arnold 
Engineering Company, Main Office 
and Plant, Marengo, Illinois. 


ADDRESS DEPT. EM-3 


sARNOLD 


SPECIALISTS in MAGNETIC MATERIALS 


BRANCH OFFICES ond REPRESENTATIVES in PRINCIPAL 
CITIES © Find them FAST In the YELLOW PAGES 
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¢ SELECTIVE ERASURE ¢ WRITE-THROUGH 
* DARK TRACE DISPLAY 


SELECTIVE ERASURE 
NOW POSSIBLE IN ONE TUBE. ONLY WITH THE ALL-NEW 
HUGHES BIC’ DIRECT-VIEW STORAGE TUBE! 


NON-STORING DYNAMIC CURSOR DARK TRACE WRITING 


The new Hughes BIC* Storage Tube retains all of the characteristics of 

With this unique Hughes BIC* | the TONOTRON** storage tube—controllable persistence, high picture bright- 
Storage Tube you can now: | ness, full half-tone (grey) scale—and gives you the added advantages of 
selective erasure, simultaneous presentation of stored and non-stored infor- 


® Maintain continuous opti- | ation and high resolution dark trace writing. 


mum display brightness 
For full information on the new Hughes BIC* Storage Tube, write or wire today: 


Present dynamic cursors =| HUGHES, Vacuum Tube Products Division, 2020 Short Street, Oceanside, Calif. 
on stored displays | For export information, write: Hughes International, Culver City, California. 
Produce dark trace line * Bombardment Induced Conductivity ** Trademark Hughes Aircraft Company 
or half-tone images 


Selectively eliminate ; Creating a new world with ELECTRONICS 


screen clutter 
Obtain much higher res- 
olution on all displays HUGHES 


HUGHES AIRCRAFT COMPANY 


VACUUM TUBE PRODUCTS DIVISION 
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BODINE MOTORS 


give you 


After Delivery Economies 


When you're specifying a fractional horsepower motor 

for your product, it’s the end cost that’s really important. 

It’s what the motor costs built-into your product . . . in 

your customer's hands... operating efficiently and 

without trouble. 

Bodine Motors reduce your manufacturing costs after 

they’re delivered . . . after they're built-into your prod- 

uct. Here’s why: 

1. Bodine Motors perform consistently, never fail pre- 
maturely, never require field servicing. . . (well, almost 


never!). 


> 


SS 


- it 
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. You'll seldom encounter a reject on incoming, produc- 
tion line, or final inspections or tests. 


. Bodine Motors are easy to fit-in. . . easy to adjust. 


Bodine Motors help your product earn customer satis- 
faction and repeat sales! 


Bodine quality costs less when you figure the end-costs. 
If your product needs better motors, you're already paying 
for them. Why not have them? Be sure you get Bodine 
ADE .. . After Delivery Economies. 


Bodine Manufactures Fractional Horsepower Motors for: 


Office computing and accounting machines 
Engineering, laboratory, and research instruments 
Photographic equipment 

Musical instruments 

Electrical industrial apparatus 

Therapeutic and medical equipment 
Communication equipment 

General industrial machinery 

Metalworking machinery 

Service industry machinery 

Optical instruments 

...and any equipment that requires quality 
fractional horsepower electric motors. 

Detailed information on the more widely used Bodine 
Motors is contained in Bulletin S-2. Ask for your 
copy. Bodine Electric Co., 2506 West Bradley Place, 
Chicago 18, Illinois. 


BODINE 


fractional / horsepower 


MOTORS 


The power behind 
the leading products 
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DECISION MAKER 


for simplified monitoring, 
controlling, high-precision switching 


Normal/abnormal . . . high/low go/no-go: these are 
important decisions being made by A.P.I. Very High Sensitivity 
Measuring Relays. 

Direct from sensory elements or circuits, the A.P.I. measuring 
relay makes a decisive “yes or no” decision on the basis of very 
close-tolerance voltage or current changes. In typical, critical 
applications, this measuring relay is saying “yes or no” on a change 
of +1 microamp; or in a 400- to 500-volt circuit, on a variation 
of only a few percent. 

Moreover, the relay is capable of actuating on very tiny cur- 
rents: for example, total inputs as small as 0.2 microampere or 
0.1 DC millivolt. It does so without signal amplification, amplifier 
costs or the signal distortion problems that often go along. 

Performance stability is inherent; reliability is exceptional due 
to the A.P.I. locking-coil design. On “make”, contact is firm with 
substantial contact pressure; contact resistance is low. On “break”, 
separation is clean and quick without contact teasing. 

10,000,000 perfect operations is not an all-time record; it’s a 
reasonable expectation of service life. 

Widely used for precision switching in computer, control and 
alarm circuits, VHS measuring relays are practically unlimited in 
scope of application. : 


For more information, send for Bulletin 104-D. 


aA 


& Chesterland 14, Ohio 


S.A. 1903-C 
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All 5 MIL Tantalum 
Foil Capacitor Sizes 


From (a) siiae— 


MEET MIL-C-3965B —ALL VALUES IN STOCK 


MIL CASE SIZE 


i C&S 


Plain and Etched 


Whether you need immediate delivery from stock on O H M ae 
prototypes, or production quantities of tantalum foil 
capacitors, Ohmite can handle your requirements. 
Tan-O-Mite® Series TF foil capacitors now include 
all five MIL sizes in both plain and etched types, polar 
and nonpolar units, insulated and uninsulated cases—all 
in ratings to 150 VDC. Capacitance values for plain foil 
units range to 400 mfds; etched foil units, 580 mfds. 
Write for Specification Bulletin 152G which lists 200 
stock values, including all MIL values, and shows a 
handy scale for conversion between “‘equivalent series 
resistance,” “power factor,” and “‘dissipation factor.” 


OHMITE MANUFACTURING COMPANY 
3613 Howard Street, Skokie, Illinois 
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Electro-Technology 


Design Considerations Your Classification: 


Radio Noise and Interference 


* Quiet Wiring 


An explanation of the causes of noise due to improper wiring 
procedures or natural effects which cannot be avoided. Ways 
of reducing noise in each case are given. 


Walter Morton, Technical Consultant, Anaheim, Calif. 


1961 March p 78 4 pp 


Electro-Technology 


Science & Engineering Your Classification: 


Mathematics 


* Probability, Statistics 
and The Theory of Games 


Basic patterns, laws and mathematical models revolving around 
the theory of probability fundamental to any field of applica- 
tion: permutations and combinations, probability of events 
occurring in a sample space, distributions, random variables, 
the Law of Large Numbers, averaging, estimation, random 
processes, correlation theory, spectral analyses, the Gaussian 
process, construction of tests, games theory. 


Leonard S. Schwartz, College of Engineering, New York Uni- 
versity, New York, N. Y.; and Alice M. Hilton, A. M. Hilton 
Associates, New York, N. Y. 


Electro-Technology 
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Systems Y ification: 
Control Systems, General nar Chaeiegtion: 
* 


The Forum: Computing Machines in 
Control Systems 
2. Panel Discussion— 
Machine-Tool Control 


The design of a numerical machine-tool control system re- 
quires careful integration of ideas from several technological 
areas. Positioning systems involving little data processing at 
the machine and contouring systems involving complex data 
processing are discussed. A panel of experts weighs the ad- 
vantages and disadvantages of different design approaches 
and discusses the role of computing machines. 


Panel: A. R. Robinson, Kollsman Instrument Corp.; A. M. 
Hilton, ELecrro-Tecunotocy; F. J. Oliver, ELectro-TECHNOL- 
ocy; J. L. McKelvie, Bendix Research Laboratories; B. Harris, 
New York University; S. M. Matsa, International Business 
Machines Corp.; V. Rogers, Boeing Airplane Co. 
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Materials, Electrical /Electronic Your Classification: 


Electrical Insulation and Dielectrics 


* Stability of Epoxy-Encapsulated 
Magnet-Wire Systems — An 
Analysis of Compatibility Factors 


The reliability of epoxy-resin encapsulated magnet-wire sys- 
tems is analyzed in terms of compatibility between the encap- 
sulating compounds and the magnet-wire insulation. The re- 
sults of investigations on various combinations of resin com- 
pounds and magnet-wire film insulation are given in terms of 
various operating parameters, particularly thermal stability. 
A number of specific and general design conclusions are drawn 
from the data given. 


A. E. Javitz, Special Features Editor, E.ectro-TECHNOLOGY. 


Electro-Technology 1961 March p 82 9 pp 


Components, Electrical/Electronic Your Classification: 


Semiconductor Devices 


* Semiconductor Electronics 
6—Non-Linear and Switching 
Operation 


The final article in a six-part series. The characteristics of the 
transistor are developed for switching operation, Approach is 
based on the three regions of operation: cutoff, linear, and 
saturation. Discussion of dynamic characteristics centers on 
switching times and power consumption. 


A. A. Sorensen, Space Technology Laboratories, Inc., Los An- 


geles, Calif. 


1961 March p 125 7 pp 
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Components, Electrical/Electronic Your Classification: 


Contact Devices 


A Method for Experimental Study of 
Relay Stability 


In the design or use of a relay or similar device, it is desira- 
ble to know the effects on performance of changes in key var- 
iable conditions and parameters. An experimental method is 
described for evaluating the effects of such changes for a relay. 


C. F. Cameron, D. D. Lingelbach, and C. C. Freeny, Oklahoma 
State University, Stillwater, Oklahoma. 


Electro-Technology 1961 March p 156 2 pp 
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e Quick interpretations of feature-article content 


e Subject-classified annotated references for clipping and pasting on standard 3 x 5 cards 


* Reprints available—see pages 178 and 180 


For your copy of the ELECTRO-TECHNOLOGY Subject Classification for Indexing, circle Number 938 on postcard at end of book. 


Systems Your Classification: 
Power (Drives) 


Variable Speed Control Systems 


Each of the basic forms of electrical drive has inherent ad- 
vantages and limitations. Simple machines may well serve 
those applications which do not require the features offered 
by elaborate systems. Principles of operation of widely used 
systems are outlined to guide selection. 


J. Ben Uri, Israel Institute of Technology, Haifa, Israel. 


Electro-Technology 1961 March p 91 3 pp 


Components, Electrical/Electronic 
Design Considerations 
Nuclear Radiation Effects 


Your Classification: 


Summary of Nuclear Radiation Effects 
on Electronic Components and Systems 


A “state of the art” summary of current knowledge of the ef- 
fects of different types of nuclear radiation on components and 
systems. Reports cover electron tubes, resistors, capacitors, re- 
lays, switches, terminals, transformers, transistors, semicon- 
ductor diodes and electronic systems. A supporting biblio- 
graphy is also given. 


J. E. Drennan and E. N. Wyler, Battelle Memorial Institute, 
Columbus 1, Ohio. 


Electro-Technology 1961 March p 132 3 pp 


RESEARCH HORIZONS this month... 


Capsule summaries of current research programs in magnetic 
materials (including ferrites and ferroelectrics). . . . Some 
brief comment on international conferences in semiconductors, 
corona studies in Canada, and standards projects in materials 
by AIEE and SPE working groups. ... A Cornell group pre- 
sents results of a detailed study of butyl rubber insulation 
compounds. 


R & D Research Programs in Magnetic Materials .... 


Electrical Stability of Clay-Loaded Buty! Insulation 
Compounds 


MARCH 1961 


Heat Flow Your Classification: 


Extended Surfaces for Heat Transfer: 
2 — Radial Fins of Rectangular Profile 


Design methods for radial fins are outlined. Fins of this gen- 
eral shape involve more variables than the longitudinal fins 
covered in the first article of this series, but certain simplifi- 
cations permit straightforward analysis. 


A. D. Kraus, Sperry Gyroscope Co., Great Neck, L. I., N. Y. 


Electro-Technology 1961 March p 94 7 pp 


Systems Your Classification: 
Control Systems, General 

Computing Machines 
Applications 


* The Forum: Computing Machines in 
Control Systems 
1. Principles of Data Processing 
in Numerical Control of 
Machine Tools 


Automatic control by orders which are introduced in the form 
of numbers has become an important concept. The basic 
principles of numerical control systems used by the metal- 
working industry are presented. 


John L. McKelvie, Bendix Corporation, Research Laboratories 
Division, Southfield, Mich. 


Electro-Technology 


1961 March p 135 10 pp 


COMING UP... 


Quantum Electronics will be the subject of the April issue 
Science & Engineering article. Also in April: Thermally 
Conductive Embedment Compounds, Microwave Filters, 
Design of Transistor Bias Networks, Superconductive 
Computer Circuits, Spring Design, Part 3 in the new ser- 
ies on Extended Surfaces for Heat Transfer, another ar- 
ticle on How to Make Basic D-C Measurements (see the 
May 1960 issue of Electrical Manufacturing), and another in 


the metals series—Aluminum Solders. 





NEW FROM WESTINGHOUSE AT YOUNGWOOD - 








337 6108 





New Westinghouse High Gain Transistor simplifies circuitry, increases 
reliability, eliminates driver stage components, reduces cost of assembly. 


NEW WESTINGHOUSE 
SILICON POWER TRANSISTOR 
PROVIDES 


Westinghouse introduces a complete new family of 
High Gain Silicon Power Transistors providing a gain of 
1000 or more at 2 amps... with guaranteed minimum 
gain of 400 at 10 amps (WX118xX series) . . . a guaran- 


teed minimum gain of 100 at 10 amps(WX118U series). 
These devices can substantially reduce circuit compo- 
nents, increase reliability, save space and weight. 


AIN OF 


They’re ideal for application in high power, high effi- 
ciency regulators, amplifiers and switching circuits. For 
example, 1500 watts of power can be easily controlled 
with a 50 milliwatt signal! For full information cali your 
nearest Westinghouse representative or write to Semi- 
conductor Dept., Youngwood, Penna. You can be sure 
... if it’s Westinghouse. SC-1025 


OTHER FEATURES INCLUDE 


e True Voltage Ratings to 150 volts 
e Power dissipation of 150 watts 


e Operating temperature to +150°C. 
e Low thermal impedance: .5°C/watt 


e Collector current—10 amperes 





1000 AT 2amps! 


Prototype quantities now available. Order from these Westinghouse Distributors. 


EASTERN 


ACK SEMICONDUCTORS, INC 
Birmingham 5, Ala./FA 2-0588 
CAMERADIO Pittsburgh, Pa./EX 1-4000 
CRAMER ELECTRONICS, INC. 
Boston, Mass./CO 7-4700 
ELECTRONIC WHOLESALERS, INC. 
Melbourne, Florida/PA 3-1441 
GENERAL RADIO SUPPLY CO., INC. 
Camden, N.J./WO 4-8560 
GENESEE RADIO PARTS CO. 
Buffalo, N.Y./DE 9661 
KANN-ELLERT ELECTRONICS, INC. 
Baltimore, Md./TU 9-4242 


MILGRAY Et ee 
ew York, N.Y./RE 2-4400 
RADIO & EL ECTRONICS PARTS CORP. 
Cleveland, Ohio/UT 1-6060 
SCHWEBER ELECTRONICS 
Long Island, N.Y./PI 6-6520 
MIDWESTERN 
ELECTRONIC COMPONENTS FOR 
INDUSTRY CO. 
St. Louis, Mo./WO 2-9917 
INTER-STATE RADIO & SUPPLY CO. 
Denver 4, Colo./TA 5-8257 
LENERT CO. Houston, Texas/CA 4-2663 
RADIO DISTRIBUTING CO. 
Indianapolis, ind./ME 7-5571 


SEMICONDUCTOR SPECIALISTS, INC. 
Chicago, III./NA 2-8860 
S. STERLING CO. 
aan, Mich./BR 3-2900 
UNITED RADIO, INC. 


ieee Ohio/MA 1-6530 
HALLMARK INSTRUMENTS CORP. 
Dallas, Texas/RI 7-9385 
WESTERN 


ELMAR ELECTRONICS 
Oakland, Calif./TE 4-3311 
meee: * are SALES 
eles, om. /BR 2-9154 
NEWARK ELECTR NICS C 
Inglewood, cali /OR 4-8440 
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Zero burnout time 
and minimum ‘‘haloing”’ 
are combined in CDF’s new grade 614 





glass fabric epoxy laminate at no 

increase in price over conventional NEMA 
G-10 grades. Available plain or copper-clad, 
614 is a cold punch material that is also 
superior in flame retardancy, has excellent 
trichloroethylene vapor resistance and 

low moisture absorption. The grade is 


distinguished by its opacity and its tan color. 


Result: Another example of CDF 
leadership in meeting critical military and 
industrial applications while effecting 


important customer savings! 


Typical properties of 614 (1/16" thickness): 
Burnout Time, sec. 0 

Water Absorption 0.10 
Flexural strength, psi, Iw 75,000 
(Copper-ciad 614 meets MIL-P-13949B, Type GF 
Plain meets NEMA G-10; approval pending for 
MIL-P-18177B, Type GEE. Also pending under 
NEMA proposed FR-4) 


WwW CONTINENTAL-DIAMOND FIBRE 


CONTINENTAL-DIAMOND FIBRE CORPORATION, NEWARK, DELAWARE * A SUBSIDIARY OF THE -ffpSé COMPANY 
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RESEARCH Horizons 


Edited by Arex. E. Javirz, Special Features Editor 


Direct-Current 
Corona Studies 


As part of a program of research in 
corona effects, the Radio and Electrical 
Division, National Research Council of 
Canada, is initiating a study of some 
aspects of d-c corona. Instrumentation 
is being prepared for measurement of 
corona losses from standard transmis- 
sion-line conductors. A 450-ft line of 
single conductors about 1 in. in diam 
will be constructed; later it will be re- 
placed by several bundled-conductor 
configurations. 

The high-voltage d-c supply to be 
employed in this project is a 6-stage 
Greinacher _chain-rectifier _circuit, 
formerly used as the supply for an ion 
accelerator. This supply is being tested 
in the laboratory and will be set up in 
a special building at a field station. In 
the laboratory, the generator has pro- 
duced 600 kv at no load and 480 kv 
under a load of 13 ma. 

A series resistor stack has been con- 
structed for d-c voltage measurement. 
This consists of a series of 1200 one- 
megohm composition resistors spirally 
mounted on a phenolic tube 12 ft long. 
The measuring unit has been mounted 
within the structure of the generator 
and has been found to be corona-free 
when operated at 600 kv. 


International Meetings 
In Semiconductor Work 


Some 700 specialists in the semicon- 
ductor field attended the International 
Conference on Semiconductor Physics 
held recently in Prague, Czechoslova- 
kia, under the auspices of the Inter- 
national Union of Pure and Applied 
Physics. Representatives were present 
from 25 countries; some 280 reports 
were submitted. As this is being written 
still another major meeting is being 
held in Paris—the Colloque Interna- 
tional sur les Dispositifs a4 Semiconduc- 
teurs, February 20-25. 

At the Prague meeting, many im- 
portant papers were presented by 
speakers from the United States. Nobel 
Prize winner Dr. W. Shockley gave 
one of the two introductory summary 
reports; the other was given by Dr. A. 
F. Joffe, Institute of Semiconductors, 
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U.S.S.R. Papers dealt with band struc- 
ture, transport phenomena, thermal 
properties, new compounds (including 
organic or polymer semiconductors), 
solid solutions and selenium semicon- 
ductor materials. A report of the 
Prague conference has been announced 
for publication in the SNTL Technical 
Digest, Prague. 


Standards for Testing 
Encapsulating Compounds 


Recent meetings of professional-society 
electrical-insulation committees have 
underscored the need for a thorough 
study of existing tests and practices 
(both mechanical and electrical) re- 
lating to encapsulating and potting com- 
pounds. The rapid expansion in the 
application of these compounds has 
made existing methods inadequate and 
even unrealistic. 

New standard test methods are 
needed not only for the purpose of 
determining compound properties per 
se, but also to permit study and sys- 
tematic organization of information on 
the effect of fillers, the significance of 
cure cycles, and other factors that are 
critical in the formulation of these com- 
pounds and their final application. 

Work in this direction has been in- 
itiated by the AIEE Committee on Elec- 
trical Insulation, Subcommittee on 
Solid Insulation, and the Society of 
Plastics Engineers, Professional Ac- 
tivity Group on Electrical Insulation. 


Growing Emphasis on 
Purity of Materials 


Lack of consistent purity and of batch- 
to-batch uniformity may well be the 
limiting factors in the successful appli- 
cation of many materials (both new and 
conventional). Not only must these two 
related requirements be satisfied if op- 
timum performance characteristics are 
to be realized, but still a third factor 
may also have to be considered: the 
possible need for almost “aseptic” con- 
ditions during processing or fabrication 
of the materials. Such “aseptic” prac- 
tices are rigidly followed, for example, 
in the production of many electronic 
devices (capacitors, for instance), but 


in far too many areas the inherent 
properties of materials are impaired or 
degraded through careless and sloppy 
handling during production. 


“Nuclear Radiation 
Variables and Effects” 


The author of the Research Note of 
this title, which appeared in December 
1960 “Research Horizons,” is Murray 
Olyphant, Jr., Minnesota Mining and 
Manufacturing Company. Through an 
editorial inadvertence, authorship was 
attributed to T. J. McDonnell of the 


same company. Our apologies! 


R & D Research Programs 
In Magnetic Materials 


Major directions of research activity 
in magnetic materials (including fer- 
rites and ferroelectrics) are given in 
the following “capsule” summaries of 
active projects under sponsorship: of 
the Army, Navy and Air Force. Subject 
to establishing a satisfactory “need-to- 
know,” readers may apply for addi- 
tional information to the Advisory 
Group on Electronic Parts (AGEP), 
Office of the Director, Defense Research 
and Engineering, at the AGEP Secre- 
tariat, Moore School Building, Uni- 
versity of Pennsylvania, Philadelphia, 
4, Pa. 


Permanent-Magnet Materials. Ceramic 
permanent magnets of the barium ferrite 
type were prepared which had over 3.7 X 
106 gauss-oersted energy products. Methods 
were developed for preparing oriented 
magnets which obtained better than 93 per 
cent crystal orientations and residual in- 
ductions of nearly 4200 gauss. Barium fer- 
rite magnetic phenomena were determined. 


Feasibility of Electron Mirror Micros- 
copy in the Study of Magnetic Domains. 
Studies are being made to demonstrate the 
feasibility of electron mirror microscopy in 
the study of magnetic domains. Effort will 
be made to demonstrate that observation of 
magnetic patterns recorded on magnetic 
tapes or films is possible. 


Ferrites: Magnetic, High-Frequency 
Core Materials. To develop ferrite-type ma- 
terials, emphasizing: (1) materials for use 
to 500 mc, (2) audio-frequency applica- 
tions, (3) production techniques to reduce 
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RESEARCH 
Horizons 


batch-to-batch variance in magnetic char- 
acteristics, (4) materials for incremental 
tuning in the 10 ke to 500 me range. 


isolated Magnetic Crystallites. Study of 
the magnetic behavior of alloys in which 
ferromagnetic crystallites are precipitated 
in a nonferromagnetic matrix. 


Ferrite Materials for Microwave Ap- 
plication. The objective was to develop 
ferrites for application over the frequency 
range of 1 to 16 kmc. Temperatures from 
—40 to +65 C and power levels to 5 mega- 
watts peak are desired. Rotations of the 
plane of polarization of about 600 deg per 
db attenuation were to be achieved. 


Hexagonal Magnetic Materials for 
Microwave Applications. To procure engi- 


Research Note 


neering test samples of hexagonal magnetic 
materials whose internal magnetic aniso- 
tropy field has been tailored to have some 
chosen value in the range from 10 to 45 
kilo-oersteds. For internal anisotropies 
below 17 kilo-oersteds, titanium and cobalt 
will be substituted in the barium or stron- 
tium systems. These materials will have 
self-ferrimagnetic resonances at 30 kmc and 
higher. 


Permanent Fine-Particle Magnet Ma- 
terials. To prepare and study the magnetic 
properties of fine-particle permanent-mag- 
net materials in order to extend the under- 
standing of the behavior of single-domain, 
multidomain, and subdomain particles. 


Magnetic Loss Phenomena in Ferro- 
magnetic Materials. To determine the 
physical processes responsible for magnetic 
loss and lag phenomena by quantitatively 
measuring the loss as a function of temper- 
ature, frequency, and composition of dif- 
ferent ferrite and garnet materials. 


Single-Crystal Growth of the Garnet- 
Type Oxide. To establish the stability of 


yttrium-iron oxide (garnet-type structure) 
under a variety of experimental conditions, 
and to determine which materials may be 
used to contain the matter mixtures in 
which crystals of the yttrium-iron garnet 
are grown. 


Thin Films of Ferrimagnetic Oxides. 
To prepare thin films of ferrites and to 
study their properties. Included will be: 
an X-ray investigation of the kinetics of 
the spinel-forming reaction; measurement 
of the resonance absorption in the X-band 
region; measurement of the Hall effect of 
ferrimagnetic oxide films. 


Microwave Properties of Ferroelectric 
and Composite Materials. To investigate 
microwave properties of ferroelectric mate- 
rials and those exhibiting ferroelectric and 
magnetic properties, to include relation- 
ships between attenuation, phase shift, 
Curie temperature, permittivity, etc., as 
functions of applied d-c field, peak r-f 
power, frequency, etc. Phase B of the proj- 
ect is a study of microwave devices based 
on phenomena of ferroelectric and mixed 
ferroelectric-ferrite systems. 


Electrical Stability of Clay-Loaded Butyl Insulation Compounds 


BUTYL RUBBER appears to be an excellent 
material for electrical insulation used under 
corrosive conditions. However, the prop- 
erties of this material can be strongly 
affected by fillers which are added to lower 
costs and facilitate processing. Probably 
the most popular filler for butyl electrical 
insulation has been calcined clay. Many 
clay-filled formulas yield acceptable origi- 


per cent 


factor, 


Power 


Time, weeks immersed in tap woter at 90C 


nal electrical properties, but certain appli- 
cations such as heat and moisture-resistant 
insulation demand an unusually high de- 
gree of electrical stability. This study ex- 
plores the possibilities of a clay-filled for- 
mula which gives reasonably good physical 
and electrical properties. These properties 
for variations of the basic formula were 
measured by conventional tests. They are 


Dielectric constant 


Fig. 1— Compounds I through IV contain 0, 50, 100 and 133 


parts of clay by weight per 100 of rubber, respectively. The 
upper four curves show power-factor behavior and the lower 


four, dielectric constant behavior. 
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summarized in the accompanying table. 
Dielectric constant and power factor were 
obtained on cured slabs before and after 
immersion in tap water at 90 C (194 F) 
for various lengths of time, with measure- 
ments being made at room temperature 
after removal of samples from the bath. 
At high clay loadings, immersion in hot 
water for a few months is sufficient to 


constant 


Dielectric 


Time , weeks immersed in top woter at 90C 


Fig. 2—The stabilizing action of red lead is illustrated by 
compounds IV through VII, which contain 0, 3, 6 and 7.5 parts 


per hundred of red lead in a clay-loaded stock. 


ELECTRO-TECHNOLOGY 





cause the power factor and dielectric con- 
stant to rise beyond the range of easy 
measurement. Even at the modest level of 
50 parts of clay per hundred of rubber, the 
instability is marked (Fig. 1). There is a ; ioceaag 
difference between behavior of power factor Filler-reinforcement : 
and dielectric constant, with the former Clay (Whitetex No. 2) 50} 100) 133) 133) 133} 133) 108) 95] 103 
sometimes reaching an equilibrium value Silica (Cab-O-Sil) ae oo 
after ten weeks, while the latter increases Carbon black (channel grade) 3 an 
gradually for about a year. (thermal grade) aes | oo 
The change in properties is related to the 
physical structure of the clay. Although 
correlation is by no means perfect, the 
increase in power factor and dielectric con- 
stant is generally paralleled by an increase 
in water content in the clay phase. If a 
water-aged sample is thoroughly dried, the 


Properties of Various Combinations of Filled Buty! Insulation Compounds 


Batch number > I | II | III| Iv | V | VI /VItI berv XV |XVI 


Lead compounds: 
Red lead (Pb;0,) G 2.5 7.8 7.47.5 
Physical properties: 
Tensile strength, psi 530} 565} 635) 740) 685) 820) 840 
200 per cent modulus, psi 70) 171) 328) 430) 270) 280) 241 


815) 970) 915 
240) 317| 266 
740| 645) 680 


butyl insulation reverts to a low power 
factor and dielectric constant. However, 
the process is not reversible since, on re- 
immersion for just a few days, the electrical 
properties reach high values, 

Red lead (Pb304) is effective in stabil- 
izing the electrical properties (Fig. 2). 
Stability increases with lead content. A 
secondary benefit from red lead is that 
ultimate tensile strength, as shown in the 
table, is improved. However, such com- 
pounds tend to be scorchy, so that very 
sensitive control is needed for successful 
extrusion. The stabilizing action of red lead 
is greatest with high clay loadings. 

Two materials which raise the ultimate 
tensile strength when added in moderate 
amounts are finely divided silica and cer- 
tain types of carbon black. The character- 
istic behavior of silica is shown in Fig. 3. 
Although dielectric constant is raised only 
slightly by silica, power factor is quite 
unstable, especially during the first few 
months of immersion. Carbon blacks with 
reinforcing qualities generally raise the 
level of both dielectric constant and power 


Power factor, per cent 


Time, weeks immersed in tap woter at 90C 


Elongation at break, per cent 820) 605) 585) 550) 685) 680) 740 


Hardness, Shore “‘A”’ 37 


Electrical properties: 
Dielectric constant (original) 
1 day/water/90 C 
Power factor (original) 
‘ 1 day/water/90 C 


Base formula (cured 30 min at 300 F): 
Butyl rubber (Enjay) 100 parts by weight 
Filler-reinforcement as noted 
Paraffin 
Process oil 
Stearic acid 


factor. 

At the level used in Compound XV, 
carbon black does not change the volume 
resistivity very much (Fig. 4). Data for 
two non-lead compounds are also shown. 
The usefulness of long-term tests is illus- 
trated here, since a test period of four 
weeks would not have demonstrated the 
instability of compound II. 


46) 57; 61) 57| 58) 58) 60) 58 60 


2.55/2.93)3.11/3.15)3.05/3. 26|3.25/3.16/3. 14/3 .63 
|2.86/3.57/3.59 
'0.80/2.17 1.44/0.61/0.74/0.71/0.83)/0. 70/0. 66)1.54 
1.02/2.78/2.09)1.45/0.88/0.80/0.84/0.78/0.94/1.64 


(3. 59}3.29)3 35/3 .37/3.19/3.27/3.70 


Zinc oxide 5 
GMF (p-quinone dioxime) 2 
Altax (benzothiazyl disulfide) 4 
Lead compound as noted 


F. RODRIGUEZ, K. W. POWERS,* 

J. J. BRENNAN, JR.,+ C. C. WINDING 
Geer Rubber and Plastics Laboratory 
Cornett UNIVERSITY 

Ithaca, New York 

* Present address, Esso Research and Engineering 
Company, Linden, N. J. 


7 Present address, Phillips 
Bartlesville, Okla. 


Petroleum Company, 


Fig. 3 — Substitution of 13 parts per hundred of clay by silica 
(XVI) raises power factor on aging in water. A reinforcing 
black (XV) also raises power-factor level, but shows less change 
on long-term immersion. 
<& 


Dielectric constant 
ohm-cem xX 107!4 


Volume resistivity, 


D> 


Fig. 4— Without red lead, 50 (II) or 100 (III) parts per hun- 
dred of clay lead to instability of volume resistivity. Red lead 
gives stability to a stock with 108 parts per hundred of clay 
(XIV). The reinforcing black, which raised the level of power 


factor, does not affect volume resistivity (XVI). 
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Speed, 
simplify 
measurements 

1.0 to 18.0 KMC with 


VERSATILE 


Q 


MICROWAVE 
SWEEP 
OSCILLATORS 


Sweep full band, or any part 


Sawtooth output drives scope 
or recorder 


All electronic; no mechanical sweep 
Output level over entire 

frequency range 

Direct reading 


Independently adjustable frequency, 
sweep range, sweep rate controls 


Equipment arrangement for auto- 
matically displaying magnitude of 
reflection from device under test. 


U7) Dependable, quality instruments 


ELECTRO-TECHNOLOGY 





Hewlett-Packard Electronic Sweep Oscillators are precision measuring tools 
deliberately designed to give you simpler, faster microwave measurements. 
Five models are provided, covering frequencies 1.0 to 18.0 KMC as follows: 
Model 682C, 1.0 to 2.0 KMC; Model 683C, 2.0 to 4.0 KMC; Model 684C, 
4.0 to 8.1 KMC; Model 686A, 8.2 to 12.4 KMC, and Model 687A, 12.4 to 
18.0 KMC. 

These instruments make possible microwave investigations and evaluations 
with a convenience previously associated only with lower frequency measure- 
ments. Each oscillator provides a wide range of sweep speeds so that measure- 
ments of reflection, attenuation, gain etc., can be displayed on an oscilloscope 
or recorded in permanent form on X-Y or strip-chart recorders. 


Electronic Sweeping 


Specifically, the # sweep oscillators provide either a CW or swept rf output 
throughout their individual bands. The instruments employ new backward 
wave oscillator tubes whose frequency is shifted by varying an applied poten- 
tial. Thus, troublesome mechanical stops and tuning plungers are eliminated. 
Sweep range is continuously adjustable and independently variable; sweep 
rate is selected separately, and either can be changed without interrupting 
operation. The full band width can be covered in time segments ranging from 
140 seconds (very slow for mechanical recorder operation) to 0.014 seconds 
(high speed for clear, non-flickering oscilloscope presentation). 


Linear Frequency Change 


The swept rf output from the ® sweep oscillator is linear with time, and a 
linear sawtooth voltage is provided concurrent with each rf sweep to supply a 
linear time base for an oscilloscope or recorder. In addition, for convenience 
in recording and other operations, rf sweeps can be triggered electrically 
externally and single sweeps can be triggered by a front panel push button. 
The rf output can also be internally AM’d from 400 to 1,200 cps and exter- 
nally AM’d or FM’d over a wide range of frequencies. 


Leveled Output 


Models 682C, 683C, 684C provide leveled power output over their entire 
swept frequency ranges. An open-loop leveler is built into each instrument 
and provides leveled output without external equipment and at no extra cost. 
The leveler, which controls voltage on the grid of the backward wave oscillator 
tube, can be switched out of the circuit by means of a front panel control. 
Power variation over entire range: 682C, 683C < + 1.5 db; 684C < + 2 db; 
686A (Jeveler not required) + 1.5 db; 687A + 4.5 db. 


Rapid Visual Presentation 


The variety of sweep rates and band widths available from the sweep 
oscillators insures convenience and accuracy for reflection and transmission 
coefficient measurements and many other production line and laboratory tests. 
For maximum speed, an oscilloscope such as # 130B may be used as indicated 
in the diagram on opposite page. For maximum information and a permanent 
record, an X-Y or strip-chart recorder may be used. 

Complete details of a rapid visual method using an oscilloscope or a 
maximum-data, permanent record method using a recorder may be obtained 
from your ® field engineer. Detailed discussions of these methods are also 
contained in the ® Journal, Vol. 8, No. 6, and Vol. 9, No. 1-2, available 


on request. pe 


Paper 


TYPICAL SPECIFICATIONS 


Below are apodieniens Ce ae 

to 12.4 KMC. Specifications for ade a85C. abe end 
687A (P band) are similar except for frequency range 
and other minor variations. 


Types of Outputs: Swept Frequency, CW, FM, AM. 


Single Frequency Operation 
Frequency: Continuously adjustable 8.2 to 12.4 
Power Output: At least 10 milliwatts into 
matched waveguide load. Continuously adjust- 
able to zero. 


Swept Frequency Operation 
Sweep: Recurrent; externally triggered; also 
manually triggered single sweep. Rf sweep 
linear with time. 
Power Output: At least 10 MW into matched 
waveguide load. Output variation less than 3 db 
over entire 8.2-12.4 KMC range. 
Sweep Range: Adjustable in 7 steps 4.4 MC to 
4.4 KMC, 
Sweep Rate-of-Change: Decade steps from 32 
MC/sec. to 320 KMC/sec. 
Sweep Time: Determined by sweep range and 
rate; from 0.0139 to 139 seconds over full-band. 
Sweep Output: Approx. + 25-volt-peak saw- 
tooth provided at a front-panel connector con- 
current with each rf sweep. 


Modulation 
Internal Amplitude: Square wave modulation 
continuously adjustable from 400 ti 1200 cps; 
peak rf output power equals ew level + 1 db. 
External Amplitude: Direct coupled to 300 KC; 
20 volt swing reduces rf output level from rated 
cw output to zero. 


External Pulse: + 10 volts or more, 5 millisec- 
ond maximum duration. : 
External FM: Approx. 350 v peak to modulate 
full frequency range. 
General 
Input Connectors, Impedances: BNC; above 
100,000 ohms. 
Output Connector: Waveguide cover flange 
po 687A); Type N, female (682C, 683C, 


Sweep Width: Accuracy, + 10% for full band 

sweep. + 25%-15% or + 3 MC, whichever is 

greater, for other calibrated sweeps. 

Linearity: Half-voltage point of sweep output 

occurs within 5% of mid-frequency. 

Power Requirements: 115/230 volts + 10%, 

50/60 cps;-approximately 540 watts. 

Price: @ 682C (1.0 to 2.0 KMC) $3,090.00 
@ 683C (2.0 to 4.0 KMC) 3,000.00 
® 684C (4.0 to 8.1 KMC) 2,900.00 
® 686A (8.2 to 12.4 KMC) 2,900.00 
® 687A (12.4 to 18.0 KMC) 3,400.00 

(Prices above ore f.o.b. factory for cabinet mod- 

els. Rack mount instruments $15.00 less.) 


Data subject to change without notice. 


HEWLETT-PACKARD COMPANY 


1056M Page Mill Road * Palo Alto, California, U.S.A. 
Field Representatives in All Principal Areas 
Cable “HEWPACK” = DAvenport 67000 


that speed and simplify your work 
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From the smallest single U/L 
approved hook-up wire to the most 
complex Teflon primary insulated 
and jacketed multiconductor 
cable, Brand-Rex Cablemanship 
makes the big difference. 


Brand-Rex Cablemanship is a 
combination of technology, skill, 
progressive cable design engineer- 
ing, the production capability of 
three modern plants and techni- 
cal field service .. . all delivered 
through a tightly-knit organiza- 
tion backed by the vast resources 
of the American Enka Corporation. 


Regardiess of how varied your 
requirements may be for conduc- 
tors, lay-up patterns, shields, 
armors or jackets, your specifica- 
tions will be met when you place 
your confidence in Brand-Rex! 


Write for complete information 
and samples today. 
Registered Trademark of DuPont 


REX 


WILLIAM BRAND- REX 


DIVISION 


American ENKA Corporation 
SUDBURY ROAD, CONCORD, MASS. 
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Plus or Minus 


The Computer Age 
— Torts and All 


If you are one of that small but 
unreconstructed band that has _ stub- 
bornly been defying all the implications 
of a computer-dominated age, you may 
as well give up the struggle with good 
grace. For by now, the clearest evi- 
dence of the victory of the computer is 
upon us: the legal profession (no less! ) 
is engaged in a systematic exploration 
of the “yet uncharted legal seas of the 
computer age.” 

The American Law Institute and the 
American Bar Association are jointly 
sponsoring a three-day seminar to be 
held in Washington, D.C., March 23-25, 
on “Legal Problems in the Use of 
Electronic Data Processing in Business, 
Industry and Law.” If the legal pro- 
fession feels that the computer will 
“cast its automated shadow on every 
phase of society,” well, we guess that’s 
it! The problems to be discussed at 
the seminar are rather awesome: “the 
functions and operation of computers 
and their impact on tort, tax, corpora- 
tion, labor, contract, banking, sales, 
antitrust, patent and copyright laws, as 
well as on the law of evidence and trial 
practice.” Speakers at the seminar 
include some leading lights from the 
computer engineering field as well as 
lawyers who have already made a study 
of the subject. 

The impact of the computer on legal 
practice brings up some fascinating 
problems. They are reviewed engagingly 
and with admirable lucidity in a book- 
let, “A Lawyer’s Guide through the 
Computer Maze,” by Roy N. Freed, a 
member of the Philadelphia bar, origi- 
nally appearing in the November 1960 
issue of The Practical Lawyer. (Inci- 
dentally, in addition to reviewing legal 
problems, Mr. Freed does an excellent 
job of explaining the nature and oper- 
ation of computers.) Here are a few of 
the questions Mr. Freed asks his fellow 
lawyers to consider: 

e What duty does the company act- 
ing as a computer service organization 
have to preserve the confidential nature 
of the data that it processes for its 
customers? 

e Can business records placed on 
magnetic tape be used in evidence, or 
must the original records be preserved? 

e How long can corporate manage- 
ment lag behind others in their indus- 
try in adopting machine data processing 
systems before they expose themselves 
to a mismanagement charge? 

e To what extent should the manu- 
facturer of a complex product that has 


the potential for causing harm try to 
minimize his liability as maker by 
anticipating design defects through 
simulated operation on a computer? 

It will be apparent that some of 
these questions may also have some 
ancillary bearing on the use of com- 
puters for engineering purposes. 

An observation of interest to engi- 
neers relates to the effect of computer 
patent-searching procedures. Since com- 
puter searching will undoubtedly be 
more efficient than the existing manual 
methods, it is to be expected that 
patents so issued (although probably 
fewer than heretofore) will have greater 
validity. 

A potential problem is that of possi- 
ble copyright violations that may arise 
from verbatim reproductions on tape 
or other media of copyrighted material 
of technical (or other) nature, distri- 
bution of such reproductions, and the 
making of visual material from them. 

And, as a closing note, the possible 
falsification of computer data poses a 
really neat design problem in providing 
suitable preventive controls! —aA.£.J. 


THIS MONTH’S COVER 


Electro-Technology 


Events that influence one another and 
groups of events independent of one 
another are symbolized on this month’s 
cover by Exectro-TECHNOLOGY’s cover 
artist Jan Van Eerde. Within each group 
of dependent events, each simple event 
(symbolized by a single dot) is exerting 
its influence upon every other event 
within the group. These concepts, among 
others, are treated in this month’s Sci- 
ence & Engineering article, “Probability, 
Statistics, and The Theory of Games,” 
starting on page 101. 
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Resistors? 


Stick with STACKPOLE 


It’s a known business axiom that getting with—and 
sticking with—a single, dependable source of supply 
can reap handsome dividends. When you purchase 
Coldite 70+ Resistors from Stackpole you provide 
yourself with an extra cushion of dependability and 
quality. That’s because Coldite 70+ Resistors are 
not only designed to exceed MIL-R-11 requirements 
in every respect . . . but they are also tops in load 
life, humidity and moisture tests. 

What’s more—no other resistors can match Coldite 
70+ for production line efficiency because they are 
far and away the easiest to solder by any method... 


Electronic Components Division 


STACKPOLE CARBON COMPANY 
St. Marys, Penna, 


ERRITE CORES 


* VARIABLE COMPOSITION RESISTORS 
NETS * FIXED COMPOSITION CAPACITO 
@ GRAPHITE BEARINGS, SEAL RINGS, ANODES 


RS 


dip or iron. Leads stay tarnish-free and solderable 
even after months of storage thanks to the exclusive 
Stackpole extra solder coating applied after the usual 
tin dipping. 

Coldite 70+ Resistors are available in Type 
RC-20 ('2-watt); Type RC-32 (1-watt); and Type 
RC-42 (2-watts) . in all standard resistance 
values and at regular resistor prices. Write for 
Stackpole Resistor Bulletin giving complete specs on 
Coldite 70+ Resistors for MIL as well as com- 
mercial uses. 


STACKPOLE 
*GoliieTO* 


* SLIDE & SNAP SWITCHES + CERAMAGNET® 
BRUSHES FOR ALL ROTATING ELECTRICAL EQUIPMENT 
HUNDREDS OF RELATED CARBON & GRAPHITE PRODUCTS, 
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THIS IS 


SOLID STATE 
FULLY FLOATING 
DIFFERENTIAL OPERATIONAL AMPLIFIER 


ds 0H) Oe 
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NO TUBES, 
NO CHOPPERS, 


NO COMMON MODE ERROR, 


VIRTUALLY 


NO INPUT CURRENT 


(LESS THAN ONE TEN THOUSANDTH OF ONE MICROAMP) 


AND ALMOST NO NOISE... 


NOTHING BUT 
PERFORMANCE 


THE P2 IS UNIQUE — It is very likely 
that here —inside this rugged 4” cast 
aluminum housing—is packed more per- 
formance and more versatility than you 
will find in any operational amplifier 


available in the world today. 


A strong statement. One we’re happy 
to back up with facts. 


THESE ARE ITS FEATURES: Full differen- 
tial input (truly floating with respect to 


ground). Low input current (typically less 
than 2x10" amp). Low noise (typically 


under 10 microvolts in the frequency 
range between DC and 1 KC). Long term 
drift stability in sub-millivolt region. Cool- 
ness (about 330 milliwatt dissipation). 
Compactness (4” Lx 114” W x 114” H; 
weight 11 oz.). Economical operation 
(no heater supply or tube replacement.) 


Low price: $210 


HERE’S WHAT THE P2 CAN DO 

The P2 is a de amplifier with differ- 
ential inputs, designed for analog com- 
putation and other instrument applica- 
tions. These run all the way from high 
reliability process control to biological 
measurements. You can add, integrate, 
scale, and invert with it. Its differential 
inputs permit high impedance voltage 
following and amplification, subtraction, 
precise current driving to grounded loads, 
and many other esoteric and desirable 


operations. 


Since inputs are electrically isolated 
from ground, there is no limit on the in- 
put common mode signal, except for the 
dielectric strength of the insulating ma- 
terials. In addition, the P2’s high input 
impedance and low input leakage ac- 
commodate the same resistors and capaci- 
tors normally used in vacuum tube 
circuitry: but with lower voltage ratings, 


greater compactness, and longer life. 
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Typical drift, when connected as a 
ten-second integrator using a one micro- 
farad capacitor, is typically less than 100 


microvolts per second. 


The P2 requires 11 ma at plus and 
minus 15 volts from conventional supplies. 
Where portability is desired, it will operate 
continuously for about 75 hours in the 
field on just two pairs of small mercury 
batteries (TR-136 type). 


SPECIFICATIONS 
(Tentative) 


ELECTRICAL 

Design 

30,000 

a 11V at 1.1 ma 


Q.C. pass limit 
20,000 
* 10.0 volts at 1.0 ma 


Gain: 
Output range: 


Minimum 10 KQ. Will not be damaged by short circuit. 
recommended Resistance loads below 10 K&Q tend to degrade 
load the amplifier performance, but are feasible 
resistance: from the standpoint of safety. 


Input: 
Tolerable common mode signal level range: 


600 put 


+ 200 volts 
Admittance: 


Current: 
(at room an 
temperature) 2x10 amp 


Drift: (re- 
ferred to 
inputs) 
(20°-45°C.) 


2 mv 5 mv 


typically less than 100uV in 8 hours at con- 
stant temperature 


Bandpass: Small signal — unity open-loop gain at 75 kc 


Large signal — output becomes amplitude 
limited at 1 ke 


Output range will be reduced by 12 db/octave 
above | kc 


Power  15vdc at less than 11 ma 
requirements: (worst case load) 


MECHANICAL 


Dimensions: 4” L x 1144” Wx 1%" H plus 34" additional 


clearance for terminals 


Mounting: 3114" centers, 2 holes for No. 8 screws 


(furnished with unit) 


Mounted: 11 oz. 
Packed: 1 Ib. 


Weight: 


Enclosure: Potted, cast aluminum case 


For aid with your applications and 
for a demonstration of P2’s capabilities, 
write, wire or phone Philbrick or your 
nearest Philbrick representative. 
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Ideal for computing instruments like these 


ELECTROMETER (ISOLATION) AMPLIFIER (non-inverting appii- 
cation): This circuit presents an extremely high dc input 
impedance to the source (actually higher than that of a K2-W 
amplifier by several decades). The gain ratio is determined 
by the feedback elements and is positive in polarity. Applica- 
tions of this circuit include potentiometer unloading. peak- 
reading instrumentation, preamplification, and portable low- 
level electrometer-type measurements. 


INTEGRATOR-MEMORY: P2’s low input current and drift 
allow one to use high impedance values for R and C not usually 
considered feasible for transistor amplifiers. Considerable 
saving in the cost and bulk of polystyrene capacitors is 
inherent. 


Example: R = 10 Megs and C= 1 uf gives a 10 second 
integration circuit. 
Less than 30 millivolts error in the output is typical 
for a 5 minute period. 


DIFFERENTIAL AMPLIFIER: The common mode rejection of 
this circuit is high indeed, being determined by the accuracy 
with which feedback ratios are maintained. Because of the 
input isolation, hundreds of volts of common mode signal are 
feasible without causing damage. The dc load on the source 
is almost entirely caused by the resistors alone. Using this 
circuit in conjunction with two pre-amplifiers of the type shown 
in Fig. 1, a precision differential electrometer is feasible. 


GEORGE A. 


PHILBRICK 


RESEARCHES, INC. 

127 CLARENDON ST. BOSTON 16, MASS. 
COMMONWEALTH 6-5375, TWX; BS 1032, FAX; BSN 
REPRESENTATIVES IN PRINCIPAL CITIES 
EXPORT OFFICE; 240 W. 17TH ST., N.Y. 11, N.Y. 
TEL. CHELSEA 3-5200, CABLE: TRILRUSH 





SOUARE D NORDpaAK 


norpak is a significant advance in the field of 

static switching. Like other static systems, NORPak 

performs the functions of machine tool relays, stepping relays, 
latching relays and timers — all without contacts or motion 

of any kind. Like other static systems, NORPAaK is ideal 

for applications where speed is important—where reliability 
and long life are essential—where conditions make 


conventional magnetic devices impractical. 


But unlike other static switching 


systems, NORpAaK offers the 
important advantages 
shown on the next page ....: 


rd 


ACTUAL 


SQUARE J) COMPANY 


ELECTRO-TECHNOLOGY 





—A SIMPLER, FASTER, STATIC CONTROL! 


EASIEST TO APPLY 

The transistor NOR unit is the basis of NORPak. UNMATCHED SPEED 

All logic functions—-AND, OR, NOT, MEMORY woRpAaAK provides switching at rates up to 

—can be accomplished with combinations of 25,000 per second—faster than any other 

this single NOR unit. NORPak is not compli- A industrial static system. 

cated—it’s easy to apply to conventional cir- 

cuits. Units are color-coded for quick identifi- SMALLEST COMMERCIAL 

cation. Simple DC circuit eliminates worry PACKAGES 

about phase relationships. NOR pak is available in the form of individ- 
ual components, or in completely engineered 
systems. Components are offered in 6 and 
20 paks, require only 1/4th the equivalent 
relay panel space, and weigh less than com- 
ponents of other static systems. 


EXTRA DEPENDABILITY 

NOR units have been time-tested in com- 
puter use for years. They are not subject to 
wear, will give top performance indefinitely, 
and provide unfailing circuit fidelity. 


SIMPLE TO USE 

Optional monitor lights give visual evi- 
dence of proper performance. Simple dynam- 
ic sequence tester checks individual NOR 
units in operation. 


EXPERT APPLICATION 

HELP 

Field specialists, factory-trained in all as- 
pects of NORpak, can give you on-the-spot 
answers to any application questions. 


nworRpak is available as individ- 
ual components for application 
to specific control functions, or 
as completely engineered sys- 
tems ranging from the smallest 
to the largest paneis 


© Write for the complete story on NORPAak 
—its theory, application and operation. 
Square D Company, 4041 North Richards 
Street, Milwaukee 12, Wisconsin 


(O ... design leadership 


wherever electricity is distributed and controlled 
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This SYNCHRO offers 
temperature stability plus lightness 


This Size 8 Daystrom Transicoil 
synchro provides temperature 
stability without increasing 
weight. 

The encapsulated stator 
windings permit these units to be 
operated under severe environ- 
mental conditions. And, of great- 
est importance, in random sam- 
pling of Daystrom Transicoil Size 
8 synchros, error shift from room 
temperature has not exceeded 2 
minutes over the entire temper- 
ature range of —55C to +125C. 


Daystrom Transicoil Size 8 
“temperature stable” units are 


» ae 
|-DAYSTROM, ,incorPporateD 
cee 


TRANSICOIL DIVISION 


ERROR CURVE 


~50°C 
Minutes eee 
inu e 


of 


© 15 30 45 60 75 90 105 120 135 150 165 180 195 210 225 240 255270285 300 315 330345360 


available as transmitters, differ- 
entials, control transformers and 
resolvers. Standard accuracy is 
+7 minutes, but 5-minute units 
are also available on special order. 

Data sheets and prints on 
the “temperature stable” Size 8 
synchro are available on request. 
And remember, too, Daystrom 
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WORCESTER - MONTGOMERY COUNTY - 


Transicoil makes a complete line 
of precision rotating components. 


Foreign: Daystrom International Di- 
vision, 100 Empire St., Newark 12, 
New Jersey. In Canada: Daystrom 
Ltd., 840 Caledonia Road, Toronto 
19, Ontario. Mid-West: Daystrom 
Incorporated, 905 W. Hillgrove Ave- 
nue, La Grange, Illinois. 


PENNSYLVANIA 


ELECTRO-TECHNOLOGY 





. are available to translate your circuit designs into 
space saving, ruggedized, circuit-pak modules. 


What is a Raytheon Circuit-Pak? It is an unique encap- 
sulation capability — refined by years of experience — to 
take a “rough” circuit, black-box spec, final circuit 
design or any similar multi-component group and so 
package the elements that you derive distinct additional 
advantages. 


Here are just a few of the benefits that accrue from 
Raytheon’s Circuit-Pak technology. 


ENGINEERING BENEFITS: 


Raytheon’s long and valuable experience with high 
temperature epoxy molding Raytheon’s large 
inventory of carefully matched semiconductor devices 
. . . Surprisingly efficient componert spacing for maxi- 
mum utilization of epoxy dielectric properties .. . 
Plug-in replaceability of complete circuits ... Ruggedized 
component packaging for maximum shock resistance 
. . . Ultra reliability of Raytheon’s welding techniques 
. . . More uniform temperature control of components 
because the encapsulation acts as a heat sink, providing 
a balanced operating temperature for circuit and 
components. 


fd 


OVER 740 PROVEN 
CIRCUIT PACKAGING CONCEPTS 


ECONOMIC BENEFITS: 


Elimination of expensive package development costs . . . 
Shorter lead times from design to complete units .. . 
Lower packaging costs through proven techniques .. . 
Lower service costs through Raytheon Circuit-Pak 
reliability. 


More than 740 different Circuit-Pak configurations have 
been produced to meet customers’ needs. And each cus- 
tomer had a different reason for specifying a Raytheon 
Circuit-Pak. Whatever your circuit need may be, check 
Raytheon first. More than eight years of progressive 
refinement in circuit packaging, and resultant capability, 
have put Raytheon in a position to optimize a Circuit- 
Pak for you — at surprisingly low cost. 


A Raytheon Circuit-Pak of your circuit may be more 
compact than you would imagine, as Raytheon inte- 
grates its tiny Submin transistors in many new versions. 
You may even find that some in-stock Circuit-Paks can 
fill your needs ideally. 


For consultation on circuit packaging, and a brochure 
on. Raytheon Circuit-Paks, call your local Raytheon 
office — listed below. 


RAYTHEON COMPANY 


SEMICONDUCTOR DIVISION 


SILICON AND GERMANIUM DIODES AND TRANSISTORS *« SILICON RECTIFIERS +» CIRCUIT-PAKS 


BALTIMORE, MOD., SOuthfield 1-0450 * BOSTON, MASS., Hillcrest 4-6700 + CHICAGO, ILL., NAtiona!l 5-4000 * DALLAS, TEXAS, LAkeside 6-7921 + DAYTON, OHIO BAidwin 3-8128 

DETROIT, MICH., TRinity 3-5330 » ENGLEWOOD CLIFFS, N. J., LOwell 7-4911 (Manhattan, Wisconsin 7-6400) * LOS ANGELES, CAL., PLymouth 7-3151 » ORLANDO, FLA., GArden 3-0518 

PHILADELPHIA, PA., (Haddonfield, N.J.), HAzel 8-1272*SAN FRANCISCO, CAL., (Redwood City), EMerson 9-5566* SYRACUSE, N.Y., HOward 3-9141 » CANADA: Waterloo, Ont., SHerwood 5-6831 
GOVERNMENT RELATIONS: Washington, D. C., MEtropolitan 8-5205 
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New product news from Louis Allis noremuaen 


NOW...Louis Allis offers 
DY NAPAR* Digital Control Systems! 


Louis Allis can supply accurate digital 
controls designed to industrial standards for 
a wide variety of continuous process lines 


For any production process, Louis Allis can furnish not only motors, drives, 
and controls, but also digital monitoring equipment to provide visual readout and 
process control signals. 


The answer is DYNAPAR* Digital Control — a highly accurate digital 

logic system that can count, measure, totalize, indicate, time, or control depending 
on the requirements of the application. Digital systems are ideally suited for 
high speed counting — accurate measurement of speed and draw — automatic 
cutting-to-length — automatic positioning — and many other applications. 


Dynapar’s digital devices utilize precise pulses, and eliminate the drift inaccuracy 
inherent in magnitude-measuring analog systems. There’s no need for constant 
calibration or adjustment. Pulses are reliably provided by rugged ROTO- 
PULSERS, highly stable sensing and pulse generating devices — visual indication 
is obtained by easily-read luminous direct numerical readouts. Control functions 
are accomplished by a variety of special devices tailored to specific operations. 
All DYNAPAR equipment features the most modern solid-state transistorized 
circuitry to provide long-life operation without maintenance. 


Investigate to see how Louis Allis-Dynapar equipment can increase production 
and cut waste by automating your process. Call your local Louis Allis District 
Office, or write to The Louis Allis Co., 469 E. Stewart St., Milwaukee 1, Wis. 
*Dynapar Corporation is the electronic subsidiary of The Louis Allis Co. 


MANUFACTURER OF ELECTRIC MOTORS ANDO ADJUSTABLE SPEED DRIVES 
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thick- Minimum 60 Cycle A.C. Permeability 


ness grade SU AU PAL CUM st cbt 
RIC ME (cg 5,000 9,000 23,000 30,000 41,500 
014” Transformer 8,000 13,500 30,000 37,000 42,500 
RU Cog 5,500 10,000 27,000 40,000 55,000 
.006” Transformer 10,000 16,000 44,000 55,000 58,000 


ST) mn COLO) MCLE e MLL Seu melee OC a 
proved permeability. These are the new minimum perme- 
ability limits for the two types of lamination strip .006” 
and 014”. 


All these laminations are made from 
[arpenter high permeability “49”! 


When do you specify 
When do you use BateuS (eit ae 


In 1958, Carpenter introduced High Permeability ‘‘49”— 
Transformer Grade as a companion to High Permeability 49” 
—Rotor Grade. Both offer greatly improved permeability. 
The main difference is one of crystalline and magnetic direc- 
tional properties. After annealing, Rotor Grade has random 
crystalline orientation; Transformer Grade, partial crystal- 
line orientation. 


No@emceiem was specifically developed to meet the 
requirements of servos, resolvers, specialty motors and 


other rotary equipment. The material, usually under .020”, 
is punched into rotor or stator laminations similar to those 
shown. When annealed under normal field practices, Rotor 
Grade produces random directionality. When annealed at 
temperatures under 1800°F, Rotor Grade will have the lowest 
coercive force (H.), and lowest core loss. 


iecus@diameeicm was designed to give the higher per- 


meability required by specialty transformer manufacturers. 
Laminations made from strip under .020” are usually DU, 
El, F shapes or combinations. 


[arpenter Siege. 


you can do it cons!stently better with Carpenter specialty steels for specialists 


anne The Carpenter Steel Company, Main Office and Mills, Reading, Pa. 


(+ \\ Alloy Tube Division, Union, N. J. 
Webb Wire Division, New Brunswick, N. J. 
Carpenter Steel of New England, Inc., Bridgeport, Conn. 
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Differentia l-Input X-¥ Oscilloscope 


Cece ie) components 
readily accessible 


for easy maintenance. 


ARS TE hi 
TYPICAL APPLICATION 
Adjusting Insertion Characteristics of an X Band 
Filter. Instrumentation includes a Tektronix Type 
503 Oscilloscope working in conjunction with 
ALFRED Model 626 Microwave Oscillator and 
Model 708 Microwave Filter. 


Photo courtesy of ALFRED ELECTRONICS, Palo Alto, California 


The Type 503 Oscilloscope contains practically 
identical vertical and horizontal amplifiers—as well 
as a wide-range of calibrated sweeps. The two ampli- 
fiers supply an accurate means for plotting curves 
using the X-Y method of operation. Both amplifiers 
offer single-ended inputs for conventional operations, 
or differential inputs for cancellation of common- 
mode signals—with four input-ground switches pro- 
vided for quick ground-reference check. 

With the differential-input X-Y feature, linear 
sweeps, and dependable triggering—combined with 
simplified circuitry and quality components, functional 
layout and minimum controls, light weight and small 
size for a 5-inch oscilloscope—the Type 503 ideally 
suits most applications in the dc-to-450 ke range, 
either in the lab or in the field. 


For a demonstration of the Type 503 Oscilloscope, or RM503 
(rack-mounting model) call your Tektronix Field Engineer. 


TYPE 503 SPECIFICATIONS 


Vertical and Horizontal Amplifiers 
Frequency Response—dc to 450 kc (at 3 db down). 
Sensitivity—1 mv/cm to 20 v/cem in 14 calibrated steps. 
Continuously variable uncalibrated from 1 mv/cm to 
50 v/cm. 
Differential input and constant input impedance at all atten- 
uator settings. 
Sweep Range and Magnification 
Linear Sweeps—1 usec/cm to 5 sec/cm in 21 calibrated rates. 
Continuously variable uncalibrated from 1 usec/cm to 
12 sec/cm. 
Sweep Magnification—2, 5, 10, 20, or 50 times. 
Triggering Facilities 
Fully automatic, recurrent, or amplitude-level selection on 
rising or falling slope of signal, with AC or DC coupling, 
internal, external, or line. 
Tektronix Cathode-Ray Tube 
5-inch crt at 3KV accelerating potential provides bright trace 
(even under high ambient light) on 8 cm by 10 cm viewing 
area. 
Amplitude Calibrator 
500 mv and 5 mv peak-to-peak square-wave voltages available 
from front panel. 
Regulated Power Supplies 
All critical dc voltages—and the input-stage heaters of both 
amplifiers—are electronically regulated. 
Size and Weight 
13%" high x 9%" wide x 2114” deep—approximately 29 pounds. 


Type 503 Oscilloscope . 


Rack-Mounting Model Also noatiittine:. ; a ogee 
(dimensions are 7” high by 19” wide by 16% " deep) 


prices f.0.b. factory) 


Tones Inc. P.O. Box 500 * Beaverton, Oregon * Phone Mitchell 4.0161 * TWX—BEAV 311 * Cable: TEKTRONIX 


rere FIELD OFFICES: ° 


TEKTRONIX ENGINEERING REPRESENTATIVES 


n Europe please write Tektronix Inc., Victor 


organizat 


ernsey C.l., for the address of the Tektronix Representative in your country 
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McGILL CAN SOLVE YOUR SPECIAL SWITCH PROBLEMS 


Like In-Sink-Erator you may have 
found that a non-standard switch is 
the only way to actuate and control 
the unusual circuitry of your product. 
I-100-L momentary contact switches designed for the purpose are 
used to actuate the mechanism of their domestic garbage dis- 
posers by cam action. One model uses a 15 amp. 115V % hp 
switch, another an 8 amp. 115V 4% hp. Stainless steel com- 
ponents, effective seal against water pressure and extra 

switch durability help to insure long life efficiency. 
If you have such special switch requirements, ask McGill 
application engineers for their recommendations — spe- 
cial switch development is part of everyday activity 

at McGill. 


{-100-L 


IN-SINK-ERATOR CUTS COSTS 30% 


“Actual cost reduction of at least 30% by reducing 
number of parts. Accurate positioning by use of 
threaded mounting. Easy service of switch by use 
of micrometer screw adjustment.” These are the 
comments of J. H. Enright, In-Sink-Erator 
Manufacturing Company electrical engineer, 
D EP END A B iB E concerning the advantages of the McGill 
switches used in the popular In-Sink-Erator 
domestic garbage disposers. 


mi ¢ k 2 ay. . for the performance you want 


QUALITY 20 AMP ROCKER SWITCH 


A new series of switches to meet the appearance, 

operational, dimensional and cost requirements of a 

wide range of appliance and electrically powered 

equipment applications. Hundreds of variations with 

respect to actuator colors and sizes, mounting brackets, 

plates, circuitry and terminals are available to solve your 0800 Series 

specific design problem. Heavy duty construction and 20 

amp. 125V AC 1% hp ratings assure long and dependable life. 


; 30 AMP MOMENTARY  0111-032301 
5 CONTACT SWITCHES 
c \ : 

aS Designed especially to apply 25 - 


clranteece where 30 amps, 8 to 20 AMP SP and DP TOGGLE SWITCHES 


advantages where 30 amps., 
in small size, can simplify assembly Enclosed in impact-resistant molded phenolic, 
1901 Serles and eliminate auxiliary components. and*McGill LEVOLIER toggle switches are dust 
Simplified switching action utilizes two and vibration-proof. 
precision wound stainless steel springs. Available in 6 amp. to 20 amp. models with 
Contact bounce is eliminated. Solid copper added DC and HP ratings; SP and DP. Choice 
contacts are inlaid with silver cadmium _ of wire leads, soldering lugs or screw terminals 
oxide. 30 amp. 125-250V momentary contact on most models. 
with choice of terminals and six actuators. 


engineered electrical products — 


NEW CATALOG , Ho ray : Lt. 


No. 60 is just off the press. It’s yours for 
the asking — write for your copy today. es ° 
precision needle roller bearings 


McGILL MANUFACTURING COMPANY, INC., ELECTRICAL DIV., 700 N. CAMPBELL ST., VALPARAISO, INDIANA 
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HIGH TEMPERATURE GLASS 


FLEXIBLE LEADS 


DIFFUSED JUNCTION 


ANOTHER FIRST FROM —. 
aT. an § HE ron ne SEE oc 








ccwlsieo ww WITH A TRUE HERMETIC SEAL 


NO COMPROMISE! 


Development by Transitron scientists and engineers of a 


new concept in glass packaging has now made it possible to 
introduce the industry’s first micro-diode with true hermetic 
sealing. This is the new micro voltage regulator (‘‘zener’’) 
series ...a series in which the glass is melted around the silicon 
body that forms the working part of the device. Achieve- 
ment of a direct high-temperature glass-to-metal seal means 
that there are no plastics . . . no multi-part packaging . . . no 
“gunk” ...no degrading of characteristics with humidity. 
Absolute hermetic sealing makes this the most reliable and 
efficient micro-regulator ever developed, ideal for voltage 
regulating and reference service wherever space and weight 
economies are required. 


Micro Zener Diodes are produced exclusively by Transitron. 
The first series is available immediately; other diodes are 
under development and will be marketed shortly. 

For more information write for Bulletin PB-71E. 

Maximum Maximum A 
mo | = 
Z= 

5.1 . 

5.6 J 
1) Voltage toler 10%. F v ADDITIONAL CHARACTERISTICS 
Oe a ae AND RATINGS 
(2) Dynamic Resistance is measured by impos- stan ent tes 

SEs Teplice 57 cw-5r¢ 

Assume ing between 25° Max dissipati 
Ome linear derating 25°C and ee pation meow 

*Production types Typical forward voltage at 5.0 mA 0.75 volt 


MEET US AT IRE—BOOTH NOS. 1220-1224 





‘Trangitron 
electronic corporation 


wakefield, melrose, boston, mass. 


SALES OFFICES IN PRINCIPAL CITIES THROUGHOUT THE U.S.A. AND EUROPE - CABLE ADDRESS: TRELCO 


MIL-C-26500 (USAF) 


@ Performance not affected by maximum operating temperature life of 


a | 800 hours at 200°C (392°F), simultaneously conducting current on all 
ule wv : contacts. 


@ Performance not affected by Thermal shock of 260°C (500°F) to -55°C 


AMPHENOL (-67°F). 


@ Supports 1500 volts RMS at high altitudes (Sea level to 350,000 feet) 
48 SERIES CONNECTORS ovens 


TO MIL-C-26500 @ Altitude immersion resistant after 10 contact removal and insertion 
provide you with these cycles on all contacts. (Maintains 5000 megohms I.R. after three alti- 


s tude cycles.) 
performance features: @ Environmental and electrical integrity is maintained during and after 


vibration, 0 to 2000 CPS, 15 g’s during exposure to 200°C and -55°C. 


Plus Outstanding Design Features — write For DATA 


‘AMPHENOL) 


AMPHENOL CONNECTOR DIVISION 
1830 S. 54TH AVE. © CHICAGO 50, ILLINOIS 
Amphenol-Borg Electronics Corporation 
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WORKHORSE 


OZALID'S 
NEW PRINTMASTER 


PRINTMASTER 900 
Ht.—70'/2”, Width—8414”, Depth— 
46/2”. Newest in Ozalid’s family 
of whiteprinters...all designed 

to give you the finest repro- 
duction at the lowest pos- 
sible cost. Whatever your 
need there’s an Ozalid 
whiteprinter to 
meet it. 


Big volume of engineering prints? Put Ozalid’s new Printmaster 900 to work. 

This new, heavy-duty whiteprinter is a workhorse for capacity, a thorough- Mr. James A. Travis, Mgr., Marketing 
bred for quality, a favorite for economy. Ozalid, Dept.!91, Johnson City, New York 
Fast! Top speeds up to 75 feet per minute. Versatile... processes any dry 
diazo material up to 42” wide without sticking. Develops both sides in one 
pass! Unique...new, sleeveless, scratch-proof developing and simplified 
control make it top performer in its price class. 

Here, in truth, is a new concept in whiteprinting. New ideas, new designs 
from the leader in the industry that spell new efficiency, reliability, economy Firm 

in engineering reproduction. 

The coupon will bring you the facts on Ozalid’s new “900”. Facts that Address 


may save you thousands yearly. Mail it today. OZALI D® 


Division of General Aniline & Film Corporation, Johnson City, New York 
REMEMBER, FOR PEAK EFFICIENCY, ALL OZALID WHITEPRINTERS WORK BEST WITH OZALID SENSITIZED MATERIALS 


Please send information on New Printmaster 900. 


Name 





' 
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Slip Rings? 
To provide excellent electrical properties 
and long equipment life for slip rings, we 
manufacture and supply fine and coin silver 
in the form, size, finish and degree of hard- 
ness most convenient for the manufacturer 
and least productive of scrap. 


Photo courtesy of Breeze Corporations, Inc., 
Union, New Jersey 


If What You’re Doing 


Involves Precious Metals* 


HANDY & HARMAN 
CAN HELP YOU DOIT 


Gold and silver...and their alloys...possess a combination of char- 
acteristics that offers unique advantages to the electronics and 
electrical industries. Their excellent electrical and thermal conduc- 
tivity makes them ideal for a vast range of applications, particularly 


in subminiature components. Their ability to resist corrosion im- 
parts long service life and dependability to critical control items. 
The fact, too, that they can be obtained in so many convenient 
forms...wire, strip, sheet, powder, bimetals, flakes and plating 
anodes... lends them unusual versatility. 


These are only a few examples of the ways in which Handy & 
Harman precious metals are used in the electronics and electrical 
fields. Perhaps they will suggest some ideas to help you apply them 
advantageously in your own products or operations. Our technical 
staff invites your inquiries. No obligation. 


* GOLD & GOLD ALLOYS + SILVER AND SILVER ALLOYS 
BIMETALS + SILVER PAINTS + POWDERS AND FLAKE 


Adjustable Contacts? 


The Handy & Harman Bimet shown here is 
used as an adjustable contact in a Rimset 
thermostat for control of residential heat- 
ing, cooling and air conditioning. It is made 
of fine silver for optimum conductivity and 
reliability, and clad with bronze to give a 
more machinable, easily threaded surface. 
Handy & Harman bimetals give you uni- 
formly clad precious metal just where you 
need it, with no excess. Available in gold 
and silver and their alloys in strip, overlays, 
inlays, edge lays and thrulays. 


Photo courtesy of Penn Controls, Inc., Goshen, 
Indiana 


Your No. 1 Source of Supply and Authority on Precious Metals 


HANDY & HARMAN 


General Offices: 82 Fulton Street, New York 38, N. Y. 


Offices and Plants: Bridgeport, Conn. * Chicago, Ill. + Cleveland, Ohio 
Dallas, Texas * Detroit, Mich. * Los Angeles, Calif. * Providence, R. I. 
Toronto, Ontario * Montreal, Quebec 


Rotary Switches? 


Low contact resistance and ability 
to withstand corrosion make silver 
ideal for switch parts. The stationary 
contacts of this rotary switch are 
made of fine silver...the multiple 
leaf brushes are of durable silver 
alloy. Life tests of one million oper- 
ations, representing several years of 
normal use, show that “Zero” re- 
sistance of 0.001 ohm through the 
switch body changes by less than 
0.0005 ohm. 

Photo courtesy of Leeds & Northrup 
Company, Philadelphia, Pa. 


Circle 124 on Inquiry Card Circle 125 on Inquiry Card > 





NEW General Electric Industrial Miniature Oil-tight Push Buttons Give You . 


COLORS UNLIMITED, OVER 40% SPACE SAVINGS 


Now you can reduce the size of your control panels at least 
40 percent. New General Electric miniature oil-tight push 
buttons require only about half the panel space of heavy- 
duty oil-tight units. 

Improve machine appearance. Unlimited color combinations 
are available in operators and rings to complement your 
equipment—provide positive color identification from any 
angle. Color is permanent; won’t wear off, chip or fade. 
Industry's first full line allows you to design entire panels 
with miniature units. Choose combinations; of: standard 
(with or without guard) and mushroom-head push buttons; 
wobble stick operator; maintained and spring-return se- 
lector switches; coin-operated, cylinder-lock and bat-lever 


selector switches; resistor and transformer-type illuminated 
push buttons, indicating lights, and push-to-test lights. G-E 
miniature push buttons are available in complete units or 
as separate components, to allow you to make up any form 
you need with a minimum stock. 

Call your General Electric sales engineer or distributor 
today, or write for publication GEA-7127, General Electric 
Co., Schenectady 5, N. Y. 811-22 


Progress ls Our Most Important Prodvet 


GENERAL @@ ELECTRIC 








AVES GE MIE 
tim) 
Tees 


See 


REDUCE 
Core losses, weight and size, copper requirements 
With Armco Thin Electrical Steels 


Exceptional magnetic properties of Armco Thin Electrical Steels make it pos- 
sible to improve performance and cut cost of electrical apparatus for operation 
at 400 to 2000 cps and higher. 


They offer you these opportunities because of a unique combination of magnetic 
and physical properties: 
Exceptionally high permeability ¢ Low hysteresis loss ¢ High lamination factor 
¢ Minimum interlaminar loss ¢ Properties fully developed at the mill. 
These Armco Steels are available in three different grades that enable you to select the 
material most precisely suited to your requirements. 

Armco TRAN-COR T ... A non-oriented grade; produced in 7 and 5 mil thicknesses. 

Armco ORIENTED T .. . Oriented grade; best permeability in rolling direction; 4, 2, 
and 1 mil thicknesses. 

Armco ORIENTED TS... . Super-oriented with very high permeability; 4 mil thickness. 

Use Armco Thin Electrical Steels to improve performance and reduce both size and 
cost of your products. For complete information, including design curves, just write 
Armco Steel Corporation, 1271 Curtis Street, Middletown, Ohio. 


oo? 
ARMCO Armco Division 
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NEW WESTON SENSITROL... 
FIRST LONG-SCALE 

METER RELAY 

WITH FRONT RESET 


Another Exclusive in 
Measurement and Control 


Now you can take advantage of a single instrument which combines 
the function of high-accuracy measurement with a quick-release 
latching relay! Weston Model 1071 SENSITROL® is the first long- 
scale, meter-type relay to provide a manual reset button on the front 
of the meter case. It can also be reset remotely. Low and high set-points 
are fully adjustable to any position along the 3.86’, 100° scales. 

Steel cases provide magnetic shielding . .. may be mounted near other 
instruments. Units are styled to match the broad line of 

Weston 1751 Panel Meters. 


High reliability and low cost of the SENSITROL makes it ideal 
for such uses as switching of automatic control equipment, 
independent on-off controllers, alarm control for any preselected 
value, and for “go-no-go” production test equipment. Instruments may 
be calibrated in any desired units for your special application. 


Weston Pow-R-Pak units, specially designed for SENSITROL 
Meter Relays, may be plugged into the back of the instruments of 
mounted remote from the meter relays. The Pow-R-Pak 

can be connected directly to the de signal source, the 

circuit requiring control, and a 120-volt, 60-cycle line. 

Load rating is up to 5 amperes at 220 volts ac. 


Ask your local Weston representative for complete information 

on the new, low-cost SENSITROL Meter Relays, or write for 
Catalog ... Daystrom, Incorporated, Weston Instruments Division, 
Newark 12, New Jersey. 


International Sales Division: 100 Empire Street, 
Newark 12, N. J. In Canada: Daystrom Lid., 
1480 Dundas Highway East, Cooksville, Ontario. 


PL er eS 


Dieta, 
; DAYSTROM , incorrorated 


4 WESTON INSTRUMENTS DIVISION 
“Reliability. by Design 
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SILICONE NEWS from Dow Corning 


For Long Service Life 


| 
l 


Silicone-Glass Laminates Help Make PROPERTIES OF SILICONE-GLASS LAMINATE SAMPLES* 
I-T-E Transformers Reliable, Trouble-Free i 


Flexural strength, flatwise, psi, 
I . l a : ; . f i o] l . _ hel ° : lengthwise 20,000-40,000 
nsulating components made from silicone-glass laminates help improve pam 18,000-33,000 
the design and performance of electrical equipment. Bonded with heat- Izod impact strength, edgewise, 
stable Dow Corning silicone resins, glass laminates have high arc resist- ft-lb/in. notch 
° ° : Lengthwise 6.5-17.0 
ance, low loss factor, low moisture absorption . . . excellent mechanical A 55-140 
and dielectric strength even after prolonged aging at 250 C. Bonding strength, Ibs., ¥2-inch thickness 
Condition At 650-1100 
: . : Condition D-48/50tt 550-950 
To assure dependable performance of their Class H unit substation trans- Aeris 
an. gre “ . 2 alas . Water absorption, percent 0.05 
formers, the I-T-E Circuit Breaker Company specifies silicone-glass lami- , 
z 7 7 . : 5 Electric strength, volts/mil 
nate for spacer strips, the insulating diaphragm between secondary and Initial 310 


. aetna ace 4 a . . After 200 hr at 260 C 327 
gs, the s g er, s ers. 
primary windings, the supporting cylinder, and for interphase barrier soo eee ices aan e 180 


. , ‘ . . Dielectric constant at 10° cycles 
I-T-E uses this quality construction in ventilated dry-type transformers rated Condition At 3.70 


11214 to 500 KVA;; sealed dry-type units rated from 300 to 3000 KVA. Condition D-24/23tt 3.85 
Dissipation Factor at 10° cycles 

WI ' d ith | ab er : Fe se 1 l ° Condition At 0.0024 
nen used with ot ier silicone insu ating components, silicone-glass laml- Condition D-24/23t+t 0.0084 

nates permit smaller, lighter weight transformers that are easier to install Arc resistance, seconds 

nd maintain than transformers using any other class of insulation. Condition At 1eo-av2 

a ainta ansformers using any er class of insulation Sennen means sanands 
“y° ° ° ° ° Volume Resistivity, meg-cm. 

Silicone-glass laminates are also widely used for slot wedges, coil dividers, Condition C-96/35/90t 1x10'-4x10" 

and top sticks in motors; for terminal boards and coil forms in other elec- Surface resistivity, megohms 

trical equipment. Silicone-glass laminates are supplied by leading lami- Centtinn S50 e/ vet pea ned 

nators as tubes, sheets, punched or molded shapes. Write today for full @ Agmmoneured on enmaples Yo inch Dick _ ft Anvossived 


° ° ° ° tt After immersion in water (hours/deg. C.) 
information plus list of fabricators. } After (hours/deg. C./% relative humidity) 
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The nearest Dow Corning office is your 
number one source for information and 
technical service on silicones. 


Dow Corning 
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Silicones Handle Overloads 


Silicone varnish helps make motors safer, more reliable 
and virtually maintenance-free. These are among the rea- 
sons why Automatic Transportation Company, Chicago, 
uses Dow Corning varnish and a complete silicone insula- 
tion system in the drive motors for their line of material 
handling equipment. These Class H drive motors . . . sub- 
jected to inching, frequent starting and reversing, long 
work cycles, heavy loading when trucks are climbing ramps 
. .. have more than enough extra capability — assured by 
the outstanding thermal stability of silicones. 
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Silicone Rubber Tape Cuts Costs 


Triangular Guideline tape, made with Silastic®, the Dow 
Corning silicone rubber, gives you the superior protection 
of a silicone insulation system while cutting application 
costs from 50 to 60% compared with conventional taped 
systems. A single wrap of Guideline tape is all that’s 
needed to produce the entire primary insulation wall thick- 
ness. The tape bonds to itself . . . beveled edges overlap to 
produce a void-free insulation structure . . . conspicuous 
center line makes it easy to achieve a precise half-lap wrap 
of uniform thickness. Guideline tape, made of Silastic, 
produces a homogeneous, resilient insulation system that 
resists heat, cold, moisture, abrasives, many chemicals and 
corrosive atmospheres. 
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Canned Pump Motor End-Turns Potted 


Designed for maximum reliability, Westinghouse remov- 
able stator canned motor-pumps like this one are used for 
better boiler circulation in controlled circulation conven- 
tional systems. Similar pumps are used to circulate radio- 
active liquid coolants at temperatures up to 650F in her- 
metically sealed primary coolant systems of nuclear re- 
actors. End-turns of stator coils are potted in Dow Corning 
solventless silicone resins to insure a solid, void-free fill 
of coil interstices. These solventless resins are radiation 
resistant, withstand vibration, oxidation, corona and mois- 
ture despite continuous service at high temperatures. 
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4-POLE POWER CONTROL RELAYS FROM STOCK 


Elgin Advance stocks the only 4-pole power control relay of this 
type on the market. Specify the PC Series when you require 
dependable current switching. 


The PC Series features heavy load carrying capacity, combined 
with small size—a variety of contact arrangements —and a wide 
range of AC and DC coil voltages and resistances. 


another example of QW 4 


SPECIFICATIONS 


Contact arrangements — SPDT, DPDT, 3PDT, 4PDT 
Contact rating — 15 amps resistive, 5 amps inductive 
Contact material —0.25” dia fine silver 
Coil voltages & resistances — wide range of AC and DC 
AC power — 10-12 VA, nominal 
DC power — 2-3 watts, nominal 
Dimensions — 1.906” x 3.062” x 2.593”, maximum 

Weight — 8 ounces, maximum 


send for /E==/=-~/ latest data 


ELGIN advance RELAY SEM 


THE ELECTRONICS DIVISION OF ELGIN NATIONAL WATCH COMPANY 
2435 NORTH NAOMI STREET, BURBANK, CALIFORNIA 
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See nen ee ee 


Century's compact IR 48-frame gearmotor driving live roll 


I) conveyor to the top of pallet loader. 


Loaded pallets being picked up by lift truck. Century 1R66 
$C66, % horsepower gearmotors drive empty and loaded 
pallet conveyors. 


CENTURY ELECTRIC COMPANY 









a 
te, 


A Century 1R64 SC64 gearmotor with brake 
left of picture) raises and lowers pallets from empty pal- 
let conveyor to loaded pallet conveyor. 


Century gearmotors load, 
stack and convey thousands of 
soft drinks per day 


Century Electric’s single-reduction, right-angle gear- 
motors are built right into the versatile pallet loader 
shown here. Thousands of bottles of soft drinks a day 
are conveyed, stacked, loaded onto pallets and con- 
veyed to fork lift trucks by Century’s gearmotors. 


Century gearmotors, with silicon bronze worm gears 
and hardened high-grade steel worms, are designed 
and built to withstand sudden shocks and overloads 
in applications such as this pallet loader. Motor shafts 
are not affected by operational strains because mount- 
ing feet are an integral part of the housing (except the 
IR 48-frame). Also, motor shafts are carried on ball 
bearings and output shafts run in tapered roller 
bearings to withstand sudden shocks. 

All-angle oiling design assures complete lubrication. 
Worms or worm gears dip into oil, no matter how the 
gearmotors are mounted. 


The gearhead on the IR 48-frame gearmotor (Pic- 
ture No. 1) can be assembled in four different positions 
in relation to the motor, and the motor can be mounted 
at any angle. The new 1R 48-frame gearmotor is also 
very compact. With it you can reduce the weight of 
your product by as much as 20 pounds. 

For more information about Century’s complete 
gearmotor line from 1% to 125 horsepower, call your 
nearest Century Sales Office. 


St. Louis 3, Missouri Offices and Stock Points in Principal Cities 
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A clear, solventless liquid, General Electric 
clear LTV-602* cures at 75-80°C to form 
a resilient compound with excellent elec- 
trical properties. Even thick sections are 
perfectly transparent. Useful from —65 
to 175°C, this self-supporting material 
provides protection against thermal 
shock, vibration, moisture, ozone, dust 
and other hazards. 


*Low Temperature Vulcanizing 


General Electric clear Li silicone compound 


for potting and embedding 


Transparent, resilient, self-supporting and easy to repair 


LTV-602 is easily applied, flows freely in-and- 
around complicated parts. Having a low vis- 
cosity in the uncured state, 800-1500 centi- 
poise, LTV is ideal for potting and embedding 
of electronic assemblies. Unlike “gel-like” 
potting materials, LTV-602 cures to a flex- 
ible solid. Oven cure is overnight, or from 
6 to 8 hours at 75 to 80°C. 


LTV-602 is easy to work with and easy to repair. 
To repair parts embedded in LTV, merely 
cut out and remove section of material, repair 
or replace defective part, pour fresh LTV 
into opening and cure. Pot life, with catalyst 
added, is approximately 8 hours and may be 
extended with refrigeration. When desirable, 
LTV may also be cured at room temperature. 


Resiliency offers excellent shock resistance. 
LTV-602 easily meets thermal shock tests de- 
scribed in MIL-STD-202A test condition B 
which specifies five temperature cycles from 
—65 to 125°C. Tests indicate that LTV retains 
protective properties even after 1800 hours 
aging at 175°C. Other tests confirm LTV’s 
resistance to moisture and water immersion. 


LTV-602 is the newest addition to the broad line of G-E silicone potting and encapsulating materials 
which also include the RTV silicone rubbers. For more information, write to General Electric 
Company, Silicone Products Department, Section K340, Waterford, New York. 
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IF A MINIATURE or UL Tt BEARING IS NEEDED... 


To meet the exacting requirements of your applications, 
Hampshire maintains a full line of miniature and instrun 
bearings for research and development, prototypes and 
placements at all regional offices. (Production quantities a 
shipped direct from our main plant.) NHBB sales engi 
are always on call to discuss your particular needs 


id) 


Ww)! 
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RETAINER BEARINGS QUALITY PERFORMANCE ... 


Retainer Bearing += HS is One of the most frequently specified is in direct relation to quality of production. All 
= types for instrument applications. Available New Hampshire bearings are made to ABEC-7 
with newly designed crown retainers. This tolerances or better. The result is improved run- 
design permits even ball spacing, low torque, ning qualities for all users . . . at no extra cost! 
Retainer Searing and most consistent performance. Over 150 In addition, rigid quality control during manu- 
standard types and sizes are listed in our facture and continuing research enables New 
Design Manual. Hampshire to maintain leadership in our field . . . 
to supply you with the finest bearings for your 

we gmetsed SIZES needs at the lowest cost. 


(Available in a wide selection of 
combinations within the following ranges) 


Retainer Bearing BORE 0.D. WIDTH IMMEDIATE DELIVERIES FROM STOCK eee 


Flanged & Shielded 





0469 1562 (For research & development, prototypes, and re- 
3125 : placements) are made from our three regional offices 
as well as the main plant. Bearing specialists are on 
hand to help you plan and specify. Call your nearest 


Saat le eta ae alt cee office collect for fast service. 
available on all above types NEW HAMPSHIRE BALL BEARINGS, INC. 


51 Cutter Mill Road 566 Northwest Highway 
GREAT NECK, NEW YORK DES PLAINES, ILLINOIS 


HUnter 2-8633 TWX: 1421U VAnderbilt 7-6646 TWX: 1642U 
FULL BEARINGS 
: ‘ . . Sas ‘ 1540 North Highland Avenue (main plant) 
Specified for applications requiring maxi HOLLYWOOD 28, CALIFORNIA PETERBOROUGH, NEW HAMPSHIRE 
mum radial load capacity. Not suited to low HOllywood 4-0208 TWX: LA 933U WAlnut 4-3311 TWX: 209U 
torque requirements. Over 2] standard types 
Full bearing and sizes. 


(Available plain BORE 0.D. WIDTH aie NEW 


or flanged) 


om ah Min. | .0250 1000 | ~——0312 A DESIGN MANUAL 
Max. 3125 5000 | .1562| Newly revised and expanded, this 
authoritative publication is a guide 


Ww mm to designing around, specifying 
UP and : AFER BEARINGS ee and purchasing of miniature and 
Expressly designed for use in synchros, servos, pw instrument ball bearings. Compre- 
small motors, potentiometers, and gear trains. hensive general information, cata- 
Widths are significantly narrower than standard , 


il log data, and engineering bulletins 
to a ow more room for rotors and stators. are included in the 100-plus pages. 
Available in 16 types and sizes. 


A personally registered copy is 
‘i : SIZES: BORE 0.D. WIDTH ¢ available to qualified engineers, 
water 


: * draftsmen, and purchasing 
b > 
comperet = 0550 1875 departments. 
with standard 437 

_ a | __-1094 | For your free Design and Purchasing Manual, write or call any 


equivalent 
New Hampshire Office. 











NE WwW 
HAMPSHIRE BALL BEARINGS, INC. 


PETERBOROUGH, N.H. 
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How the Visicorder helps keep 
“spring” in a free gyro 


by simultaneously recording several 


performance characteristics 


How do you production-test a spring-wound minia- 
ture ‘‘free’’ gyro which has been designed for a limited 
number of firings without changing its characteristics 
due to excessive testing? Whether a gyro under actual 
conditions will reproduce test results depends to a 
large extent upon how many times it is ‘‘fired”’ before 
its short but important life begins. The multi-channel 
high-frequency Visicorder makes it possible for 
Whitaker Gyro Division of Telecomputing Corp. to 
test simultaneously all operating characteristics with 
only one firing of the gyro. 

Five channels of a Honeywell 906 Series Visicorder 
are used in the test for uncaging time and gimbal drift. 

For the uncaging time study, a squib is fired to 
release the gyro’s spring motor. One trace indicates 
squib firing (A). When the gyro attains correct speed 
(and uncaged condition) a switch closes to record 
another trace (B). Between these traces, a 400 cps 
trace is a convenient time reference (C). 

The gyro is mounted on a Scorsby table set to 
deflect the unit 7% degrees from the perpendicular 
about two axes. Potentiometers sensing the gyro’s de- 
flection are directly connected to galvos which meas- 
ure the position of the gyro gimbals as the unit is 
rotated on the fixture. The potentiometer outputs 
trace individual sine waves on the record (D) which 
are easily compared to a zero trace (E) to indicate 
gimbal drift. 

The records shown here in two parts are actually 


In this simple bench set-up, the 906 Visicorder is at right. 
Between it and the control panel is the Scorsby table on 
which the gyro is mounted, ready for test. 


lower speed without stopping the record. The resulting 
traces are easy to compare and gimbal drift is 
measured immediately. 

Four different models of the Honeywell Visicorder 
oscillograph provide immediate readout of analog 
data from DC to 5,000 cps, with 8, 14, 24 and 36 
channel capacity. Prices are as low as $1845 for a 
6-channel system with grid lines and built-in timer 
(Model 1406). Call your Industrial Sales Office soon 
for a demonstration of how the world’s most versatile 
oscillograph can save you time and money in 
data acquisition. 

Ask, also, for your free copy of the 36-page Visi- 


corder Applications Manual, an engineering guide 
packed with problem-solving suggestions. 


one continuous record. Immediately after the un- 
caging time test, the record drive was switched to 
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The record at left was made at a speed of 25" per second. 
The record above is a continuation, after record speed 
was changed to 1" per second without interrupting 

the test sequence. 


Heiland Division, Minneapolis-Honeywell 
5200 East Evans Avenue 
Denver 22, Colorado 


HONEYWELL INTERNATIONAL 

Sales and Service offices in all principal cities of the world. Manufactur- 
ing in United States, United Kingdom, Canada, Netherlands, Germany, 
France, Japan. 


Honeywell 
H Qudustial Products Croup 
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PSTN PERMANENT MAGNETS ARE 


Study of Remanence by Indiana Steel 
indicates 100% stability can be achieved 


Truly permanent permanent 
magnets are now possible, accord- 
ing to scientists of Indiana Steel 
Products Division, Indiana Gen- 
eral Corporation. Proof of 100% 
stability of remanence was gained 
during a special research project 
conducted by Indiana and sup- 
ported by funds of the United 
States Air Force.* 


Natural Stability 


Materials having a high coercive 
force displayed the greatest natu- 
ral stability. For example, a sam- 
ple of non-oriented barium ferrite 
(Indox I) with an Hci of 4,000 
oersteds was measured for natural 
stability over a period of more 
than 5,000 hours. Relative rema- 
nence over 100% 2+0.1%. An 
oriented sample of the same ma- 
terial (INDOx V) with an Hei of 
2,030 oersteds measured 99.5% 
+0.1%. The material having the 
lowest coercive force—ALNIco III 
— also exhibited the least natural 
stability, 97.04% +0.05%. 

A second important factor af- 
fecting natural stability was 
length-to-diameter ratio (L/D). 
It was found that rods of ALNICO 
V, having a greater L/D ratio, 
proved more stable. For example, 


rods with a ratio of 8.7:1 showed 
no detectable loss in remanence 
during a year. Rods with an L/D 
of 2.1:1 logged only 97.6% for 
the same period. 


Where change in remanence 
was perceptible, it was found that 
it decreases linearly with the log- 
arithm of time (see figure 2). This 
relation is expected to hold for all 
permanent magnets when they 
are undisturbed at room temper- 
ature and made of a material 
which does not change with time. 


Test Conditions 


During the study, sample magnets 
were kept in a special room where 
they were relatively free from 
such external demagnetizing in- 
fluence as temperature variations, 
stray magnetic fields, short cir- 
cuiting by iron contact and exces- 
sive movement or handling. Tem- 
perature was held virtually con- 
stant at 24° +2.5°C. 


The sensitive measuring appa- 
ratus was also located in the test 
room. Developed in 1948 by Dr. 
Rudolph Tenzer of Indiana Steel, 
this equipment permits measure- 
ments to an over-all tolerance of 
better than 1 in 10,000. 


Contract AF33 (616) — 3385 monitored by the Aero. Res. Lab., WADC 


FIGURE 1. Summary of Experimental Results 


| ms fe | ES 
L/D Ba 
kilogauss 
0.9 1.4 


INDOX | 
INDOX V 
ALNICO Ill 


ALNICO VII 


ALNICO V 
(long) 


(medium) 
(short) 


Stability Relative 
Remanence at 24° C 
5 log cycles (10,000 hr) 
after magnetization 


I+ 1+ I+ I+ 


I+ H+ 


+H HOH 


*Extrapolated 1 to 2 log cycles beyond last measurement 
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FIGURE 2. Remanence decreases with time 
TIME = HOURS (log scale) 
1 10 100 
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RELATIVE REMANENCE % 


Artificial Stabilization 
Critical space-age applications 
often require that a magnet be 
completely stabilized. Many 
methods for achieving this were 
surveyed. For critical applications, 
methods based on repetitive proc- 
esses were found superior to those 
based on any sudden, one-time 
action. Two of these proved suc- 
cessful, both involving artificial 
reduction of remanence. 


1. Temperature Knockdown. ALNICO V 
magnets were repeatedly exposed to 
temperatures above and below the tem- 
perature of magnetization. Several cycles 
improved magnetic stability, while rem- 
anence was reduced somewhat as a 
result. Low temperature exposures, to 
—65° C, produced the greatest improve- 
ment in stability, as well as the greatest 
reduction in remanence. 

. Knockdown by Applied AC Field. 
ALNICO V magnets were subjected to a 
cycling diminishing field, which also 
caused a reduction in remanence. De- 
pending upon the material and its use, 
magnets were knocked down a pre- 
determined amount between 5 and 15% 
to achieve complete stability. Variations 
in remanence were less than + 0.03%, 
which is the limit of measuring accuracy 
for this size sample. 


Conclusions 

This study indicates that perma- 
nent magnets can be completely 
stabilized. A magnet, however, 
that is perfectly stable under 
these conditions can still be affect- 
ed by larger temperature varia- 
tions, stray magnetic fields, vibra- 
tions or many other factors. In the 
case of selected magnets, stability 
can be guaranteed for a flux 
change no greater than 0.01% per 
year, 

For complete information on 
the practical aspects of “Stability,” 
ask for a copy of Applied Mag- 
netics, First Quarter, 1959. Write 
Dept. B-3. 


INDIANA STEEL PRODUCTS 


VALPARAISO, INDIANA 


In Canada: The Indiana Steel Products Co. of Canada Limited, Kitchener, Ontario 
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40 MC BANDWIDTH AMPLIFIER (55 to 95 mc) 


fe 


70 8% 86 


; 100 110 
Frequency-mc 


Specify Tl 2N1405 P-N-P Germanium Mesa Transistor Series 
... With fay to 1100 me, Typical NF=5db @ 200 mc 


This 40-mc bandwidth amplifier is an outstanding exam- 
ple of using Texas Instruments 2N1405 series transistors 
to obtain 30-db gain and compensate for cable losses in 
transmission line systems. These same 2N1405 series 
devices which provide you with the best high frequency 
low noise/high power gain combination in the industry 
are now available from TI in production quantities. You 
can now use these devices to provide similar functions in 
your line and video amplifiers, r-f and i-f amplifiers and 
mixer-oscillators. 


+ ‘TYPICAL CHARACTERISTICS AT 25°C 


TYPICAL COMMON-EMITTER SHORT CIRCUIT FORWARD 
CURRENT TRANSFER RATIO AT 100 mc hfe 


~ TYPICAL NOISE FIGURE AT 200 es : 


TYPICAL MAXIMUM FREQUENCY 
OF OSCILLATION 


TYPICAL COLLECTOR-BASE 
TIME CONSTANT 


fmax 


DALLAS ROAD « 


Low-noise figure of 5 db at 200 mc combined with isola- 
tion of all transistor elements from the case make the 
2N1405, 2N1406, 2N1407 ideally suited for your 
small-signal VHF/UHF applications. 


Order these TI “Tailored-to-the-Task” 2N1405 series 
devices today from your nearby authorized TI distribu- 
tor. Call him or your local TI sales engineer for price 
and delivery information including a detailed report on 
2N1405 applications. 


2N1405 2N1406 2N1407 


10.0 db 10.0 db 7.5 db 


5.0 db 6.0 db 7.0 db 


1100 mc 750 mc 650 mc 


12 ohm-ppf 25 o0hm-puf 25 ohm-ppf 


SEMICONDUCTOR-COMPONENTS DIVISION 


TEXAS 


LIMITED 


.— 


INCORPORATED 


BEOFORD, ENGLAND P.O. BOX SOIZ + DALLAS 22, TEXAS 
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Imagine a device so versatile it can count... measure... 
monitor ... program... sample... sort...index... 
scale ... tabulate. One that combines actuating and direct 
readout functions. And provides the following extraor- 
dinary results: significant circuit economies, compact 
equipment design and improved circuit reliability. The 
device? Sylvania Decade Counter Tubes! 


Sylvania Cold Cathode Decade Counter Tubes pro- 
vide visual readout from a sharply defined ion glow mov- 
ing on a peripheral ring of 10 output cathodes around a 
common anode. They also feature add-subtract capabili- 
ties, low power requirements and low initial cost. Sylvania 
Counter Tubes offer high reliability even under long 
periods of standby operation — the result of improved 
design and rigid manufacturing control. 


TYPES 
6476, 6802, 6879 


. iad" io 
Se ee ee = 


should specify 
i Sylvania 
| Counter 


Tubes 


Measure the advantages of Sylvania Decade Counter 
Tubes. Count on your Sylvania Sales Engineer for full 
data and engineering assistance. For the informative 
Decade Counter Tube Handbook, contact your Sylvania 
Industrial Tube Distributor. Or, enclose 15¢ to Elec- 
tronic Tubes Division, Sylvania Electric Products Inc., 
Dept.1012,1100 Main St., Buffalo 9, N.Y. 

Min. Double 

Total Anode Min. Anode Pulse Min. Double 


Sylvania Current (mA) Supply Voltage Amplitude Pulse Width 
Types Min. Max. (Vdc) (V) (usec) 
0-4KC 

6476 (T-11) 

6802 (T-9) 

6879 (T-5%2) ) 


7155 (T-5¥2) 
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Size 1 magnetic starter is only 4% 
inches— shortest of all leading makes. 
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Measure the Space Savings Yourself 


This General Electric Size 1 Magnetic Starter saves as much as two inches of panel space, Compared to other leading makes, 
Using these smaller G-E starters, you can reduce your panel sizes, with resultant savings in labor and material costs. It is 
often possible to use a standard enclosure where previously a larger, more costly special was required; or to make the 

panel an integral part of the machine instead of mounting it separately. Your G-E sales representative 

or distributor can show you other MEASURABLE ADVANTAGES of G-E magnetic starters. 

Call him soon, or write for Publication GEA-7020. Section 811-16, General Electric Company, 

Schenectady, N. Y. 


Progress /s Our Most /mportant Product 
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Mallory makes your contact assemblies 
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Making your own contact assemblies? 
Chances are you can get better service life, 
strength and utility ... often at lower cost 
... by having Mallory do the fabrication 
work. Our forty years of developing, manu- 
facturing and assembling contacts can serve 
you well. 


Specialized assembly methods. Our assembly 
department has a broad range of equipment 
and experience for every method of attaching 
contacts to backing members. We’re able to 
select the best method for your specific ap- 
plication—riveting, upsetting, spinning... 
torch, radiant gas and furnace brazing... 
resistance and induction brazing . . . projec- 
tion, spot, wire and magnetic head resistance 
welding . . . casting of Mallory copper alloys 
directly into Elkonite® materials. 


Specialized metalworking experience. We're 
accustomed to working with silver, tungsten, 
platinum and other contact alloys and the 
special backing materials used with them. 


Specialized assembly equipment. For the large 
volume and variety of contact assembly jobs 
we do, we have many types of highly auto- 
mated production machines, suitable for 
either short or long runs. Many of these 
permit drastic reduction in unit costs.. 
and we can often modify your assembly by 
proper selection of materials to take advan- 
tage of these economies. 


Mallory Contact Service gives you... 


Materials .. . choice of 147 different contact 
materials. 

Engineering . . . value-conscious application 
assistance. 

Fabrication . . . complete, modern facilities 
for contact assembly production. 


We'll welcome the opportunity to quote on 
your next contact assembly . . . just write to 
Mallory Metallurgical Company, P. O. Box 
1582, Indianapolis 6, Indiana. 


a division of 


P.R.MALLORY & CO. inc 





Three-Digit 
Ten Turns 


Borg Microdials feature ‘ fn sin 


digital readout for 


increased readability 


and accuracy 


1300 Series 
Three-Digit 
Ten Turns 


THREE, FOUR and 
FIVE-DIGIT MODELS 


Borg Direct-Reading Microdials 

provide faster, more accurate turns- 

counting readability. They indicate the 
precise shaft positions of potentiometers or 
any multiturn device of up to 1,000 

turns. Digital readout minimizes human 
reading errors. The 1330 Series (above 
right) features internal illumination — 

red light for dark adapted environments 

or white light. Colors add style to 

control panels and instruments. Three- 
digit, ten-turn model with finger-tip 

brake is standard. All 1330 models 

display numerals through lenses <a Nodels 
(1.5x magnification) which are light (, 
curved for wide-angle viewing. The 

1300 Series (center and bottom right) 

is available in three-digit ten-turn, 

four-digit 100-turn and five-digit 
thousand-turn models with or 

without finger-tip brakes. Your 

nearest Borg technical repre- 

sentative or distributor has 

complete data. 


*All m 


BORG EQU/PMENT DIVISION 


Amphenol-Borg Electrosics Corporation 
Janesville, Wisconsin ¢ Phone Pleasant 4-6616 


Micropot Potentiometers ¢ Turns-Counting Microdials * Sub-Fractional Horsepower Motors Frequency and Time Standards 
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RCA 
CERMOLOX 
TUBES... 


a new concept in Beam Power Tube technology 


To meet the increasing demand for dependable UHF power, RCA has 
developed Cermolox Tubes, a wide line of coaxial, ceramic-metal 
beam power tubes with precision-aligned grids. These Cermolox tubes 
are especially well suited to the requirements of aircraft, missile and 
guidance applications inCW, Pulse, and Hard-Tube-Modulator service, 

Already they have set an enviable record of performance in such 
exacting applications. In Pioneer V, for instance, Cermolox tubes 
were used in the guidance systems, and in the satellite’s high-power 
transmitter. 

Some outstanding features of RCA Cermolox tubes which con- 
tribute to long life and reliability are: 


@ Precise alignment of grids for outstanding efficiency. 


e Coaxial-electrode structure adaptable for use either in 
coaxial-cylinder or parallel-line circuits. 


e Exceptionally sturdy structure. 
e Low rf-loss ceramic insulation. 
e High temperature operation. 


e Brazed construction involves no spot welding and assures 
low rf losses and low internal stresses. 


e Compact, ceramic-metal construction. 


e Flexibility of cooling techniques: conduction, liquid, and 
forced air (with RCA’s high-efficiency radiator). 


The family of RCA Cermolox tubes is shown in the adjacent table. 
For more information, contact the RCA Field Office nearest you. 


The Most Trusted Name in Electronics 
RADIO CORPORATION OF AMERICA 
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RCA CERMOLOX BEAM POWER TUBES 


Max. 
Max. Freq. 
Plate Input at Max. 
Type Watts Ratings 


CW APPLICATION 








7870 
Conduction Cooled 52.5 3,000 





7801 
Conduction Cooled 52.5 3,000 


6816 
Forced-Air Cooled 


7844 
Conduction Cooled 


7842 
Ruggedized 
Conduction Cooled 


7457 
Ruggedized 6.3/3.0 
Forced-Air Cooled 


7843 e 
Conduction Cooled 26.5/.52 


6884 
Forced-Air Cooled 26.5/.52 


7650 
Ruggedized 6.3/7.5 
Forced-Air Cooled 





A-2663* a aes 
Conduction Cooled 6.3/7.5 


7213 
Forced-Air Cooled §.5/17.5 


A-2545-A* 


Forced Air Cooled 28,000 400 | 10,000 8/88 


PULSED RF APPLICATION 


A-2587-A* 
Conduction Cooled 12.6/.41 


7649 
Ruggedized 
Forced-Air Cooled 


7651 
Ruggedized 
Forced-Air Cooled 


7214 


Forced-Air Cooled 5.5/17.5 


A-2581-A* 
Forced-Air Cooled 


HARD-TUBE-MODULATOR APPLICATION 


A-2638" 
Ruggedized 8,000 = 115 
Forced-Air Cooled 


A-2624* 
Ruggedized 60,000 600 6.3/7.5 
Forced-Air Cooled 


| 
A-2627-A* 
Ruggedized 300,000 §.5/17.5 
Conduction Cooled 


A-2625* re 
Conduction Cooled | 3500,000 10,000 18/12 


The chart shown above inciudes all RCA Cermolox Tube types 
available as of February 4, 1961. 


*Development Type—Available on Sampling Basis 


RCA ELECTRON TUBE DIVISION FIELD OFFICES 


INDUSTRIAL TUBE PRODUCTS SALES: NEWARK 2, N. J., 744 Broad St., 
HUmboldt 5-3900 +» DETROIT 2, MICHIGAN, 714 New Center Building, 
TRinity 5-5600 +» CHICAGO 54, ILLINOIS, Suite 1154, Merchandise Mort 
Piazo, WHitehall 4-2900 +» BURLINGAME, CALIF., 1838 El Camino Real, 
OXford 7-1620 + LOS ANGELES 22, CALIF., 6355 E. Washington Bivd., 
RAymond 3-836!1. GOVERNMENT SALES: NEWARK, N. J., 744 Brood St., 
HUmboidt 5-3900 » DAYTON 2, OHIO, 224 N. Wilkinson St., BAldwin 
6-2366 » WASHINGTON 7, D0.C., 1725 ‘'K"' St., N.W., FEderal 7-8500. 
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New Relay = =FSS_|_ Compact, Rugged, Proven Reliable 


THE DIRECTOR 


TYPE 81 WIRE CONTACT RELAY 


Specifically designed to direct or set-up circuits in 
the logic or arithmetic section of computer and 
business machines. The RBM “Director” has also 
demonstrated itself ready to perform in similar 
applications where the basic function of the contacts 
of one or more relays sets up a circuit, but is not 
required to make or break that particular circuit. 
Typical uses would be controls for automation, 
railway signaling, traffic controls, chemical process 
controls, annunciators and many others. 


Designed for high speed and long life (200 million operations). 


1. Plug-in terminal and mating terminal block eliminates 
messy soldering and maintenance problems of old fashioned 
telephone type relays. 

2. Symetrical shape and rugged design provides for minimum 
mounting space and maximum protection to moving parts 
when handling. 

3. Armature contacts consist of two silver alloy wires per 


enabled pole providing highly reliable redundant contact surfaces. 


4. With plug-in connectors “‘A’} relay contacts can be “pro- 

grammed” to suit specific circuit requirements. 

5. Special hardware available allowing for mating terminal 
Small Size block assembly and easy mounting on chassis or rack. 
6. The Type 81 relay can be easily assembled in groups, sim- 
plifying wiring and ease of programming. Requires minimum 
rack or chassis space. 


TYPE 81 SPECIFICATIONS 


Wire contacts Contact Form 4 POT 


Contact Rating 3 amp. (carry only)* 
Contact Material (Std.) | Eutectic Alloy—Silver-Copper 
Operating time (Nom.) 5.5 milliseconds max. inc. bounce 
Life 200 million operations 
Coil Form Single or Double Winding (Pic & Hold) 
Coil Voltage 20 volts D.C. thru 115 volts D.C. 
Coil Power 4 watts max. 
Breakdown Voltage 1250 volts RMS 60 cycle to frame 

5. i (\ea Ambient Temperature | 50° C 

Rugged snap-in Weight Approximately 1% oz. 


plug assembly Overall dim.(Approx.) | Including plug—2%” x %” x 2” 


Rack mounting *Consult Factory for Ratings for Making and Breaking Loads. 


Consult Your Local RBM Product Application Engineer or Write for Bulletin 2000 


ESSEX WIRE CORPORATION, LOGANSPORT, INDIANA 
Factories L¢ ’ 
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WHO SAYS 


TEFLON” 
IS TOO EXPENSIVE FOR 
YOUR CONTROL CABLES? 


We're talking specifically about insulation for wires and cables...in the products 
you make, in the products you use, in your own plant. Consider the performance 
and cost advantages of using the most reliable solid dielectric materials commer- 
cially available—Du Pont TEFLON fluorocarbon resins. For example, engineers of 
the Denver Board of Water Commissioners chose a ribbon-type 20-conductor cable 
coated with TEFLON for automatic pressure and flow controls in their water system. 
The insulation of TEFLON provides the low capacitance necessary to reproduce low 
signal strength over very long lengths and withstands moisture and the corro- 
sion of soil chemicals. In addition, the cable resists damage from abrasion and 
handling, reduces installed cable costs by approximately 50%. 

Insulation of TEFLON Tre resins and the new melt-processible FEP resins is your 
logical and most economical choice whenever you encounter problems of extreme 
dielectric requirements, corrosion, heat, solderability, space or weight limitations 
—and whenever reliability, dollars-and-cents savings in installation, replacement, 
maintenance or downtime are significant factors. 

For more information, write to: E. |.du Pont de Nemours & Co. (Inc.), Dept. ET -3, 
Room 2526T, Nemours Building, Wilmington 98, Delaware. In Canada: Du Pont of 
Canada Ltd., P.O. Box 660, Montreal, Quebec. 


TEFLON is Du Pont’s registered trade- 
T @ mark for its family of fluorocarbon 
a Ff O N resins, including TFE (tetrafluoroethyl- 
ene) resins and FEP (fluorinated ethyl- 
MeutnT er FLUOROCARBON RESINS ene propylene) resins. 
BETTER THINGS FOR BETTER LIVING...THROUGH CHEMISTRY 
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COMPUTERS AND OTHER ELECTRONIC 
INSTRUMEN TS demand resistors which give predictable performance 


in a small space and high ambient temperatures. This is a good description of Corn- 


ing tin oxide film resistors, which are now competitive in price with other makes. 


Tin oxide and glass are among the most stable 
materials. They are also low in cost. 

Couple these materials with exacting methods 
of manufacture, as we have done, and you have 


low-cost resistors meeting the pinching specifica- 


CORNING 


DESCRIPTION MODEL 


WATTAGE 
Glass ENCAP- 

SULATED 

MIL-R-10509C, 

Char. B 


MIL-R-10509C, 
Char. B 


MIL-R-10509B, 
Char. X 


Lowest cost 

film resistor; 
silicone insulation 
MIL-R-11C 


PERCENT RATED LOAD 


60 80 
AMBIENT TEMPERATURE (°C) 


120 140 
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RESISTANCE 


100 100K 
100 348K 


tions required for computers and similar devices. 

You have resistors with excellent reactive 
properties. With a shelf life of 0.1 to 0.2% per 
year. With noise levels lower than 0.1 microvolt 
per volt. And with typical values like these: 


LOAD 
LIFE 


MOISTURE 


OVERLOAD RESISTANCE 


(ohms) 


150ppm/°C. 
—55 +150°C. 


0.2% 


0.3% (Char. B) 


0.03% 


0.5% 
(Char. B.) 


150ppm/°C. 


-55-+105°¢, °°% 9.03% 


133K 
500K 
1.5Meg 
4.12Meg 


150ppm/°C. 
—55 +105°C. 


0.15% 


9 
rane (Char. X) 


0.1% 


150K 
470K 
1.4Meg 


150ppm/°C. 
—55 +125°C. 


For quantities of less than 1000, contact the 
nearest Corning distributor. For data sheets on 
Corning Type NF, N, N-EPOXY or C resistors, 
write CORNING GLASS WORKS, 556 High St., 
Bradford, Pa. 


CORNING ELECTRONIC COMPONENTS 


CORNING GLASS WORKS, BRADFORD, PA. 


of 
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Free engineers for creative assignments 
with the new low-cost IBM 1620 


The IBM 1620 Data Processing Sys- 
tem is a low-cost solution to the prob- 
lem of freeing engineers for their most 
creative and profitable assignments. 
Here’s why: 


EASY TO uSE—Just a two-day training 
class is all you need to put your 1620 
into operation. This means no delays in 
learning to use the 1620 computer. 


In addition, you get a wide range of 
free programming services including 
FORTRAN and GOTRAN. FORTRAN is the 
powerful scientific language that lets 
you solve problems without writing 
detailed computer instructions. GOTRAN 
is a simplified language (a sub-set of 
FORTRAN) that lets you enter simpli- 
fied problem statements and data into 


the computer with the solution immedi- 
ately available, in one simple operation. 
FASt—The 1620 solves a set of ten simul- 
taneous equations in only 20 seconds. 
It inverts a 10 x 10 matrix in just 42 
seconds. 
POWERFUL—The 1620 inverts a 40 x 40 
matrix. With optional additional core 
storage the 1620 can handle matrix in- 
version problems of a much higher 
magnitude. 
GET FULL DETAILS—The 1620 is the most 
outstanding engineering and scientific 
computer in its price range. A basic in- 
stallation rents for just $1,600 a month. 
To learn how the 1620 can free you 
for more creative engineering work, 
call your local IBM representative. 
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IBM's 1620isacompact 
desk-size computer. 


IBM. 


DATA PROCESSING 





FRAME 26 


YOU CAN SEE THE EXTRA 


PENDABILITY 
BUILT INTO RaM FRACTIONALS! 


FRAME 30 


FRAME 330 FRAME 420 


new broad line offers ratings from 1/100 through 1/3 hp! 


R&M’s Special Application AC Motors feature extra 
dependability for your customers and offer wide design 
flexibility to you! Silent operation, compact size and 
minimum maintenance make these FHP motors ideal 
for powering office appliances, fans and blowers, small 
motor driven tools and countless other products. You 
can select from four frame sizes, 3” through 434” dia.; 
sixteen ratings from 1/100 through % HP; two, four 
and six pole speeds; three mounting arrangements; and 
four electrical types—capacitor start induction run, split 
phase, permanent split capacitor or polyphase. 

For long-life operation, Mylar is used to line the 
burr-free slot cells. Mylar has 8 times the dielectric 


strength of conventional insulation and stubbornly re- 
sists tearing and aging, to provide virtually permanent 
protection. Venturi baffles in each end head direct fan- 
driven air over and around coil ends in a “washing” 
action that quickly carries off heat, keeping the motor 
well within its rated temperature rise. The absence of 
centrifugal mechanisms and brushes further minimizes 
maintenance problems. 

R&M Special Application Motors are available in 
standard off-the-shelf designs. Should you require a spe- 
cial custom motor, R&M will recommend the optimum 
design, at no obligation. Write today for new R&M bul- 
letin 445-ET! 


ROBBINS & MYERS, INC., Springtieid, Ohio 


Fractional and Integral HP Electric Motors * Electric Hoists and Overhead Traveling Cranes * Moynog industrial Pumps 
Propellair, Industrial Fans * R&M-Hunter Fans and Electric Heat * Trade-Wind Range Hoods and Ventilators 
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Subsidiary companies at: Memphis, Tenn., Pico Rivera, Calif., Brantford, Ontario. 





ELECTRO-TECHNOLOGY 


FRACTIONAL MOTORS 


special application 


1 special heat resist- 

ant varnish permanently 

insulates field. 

2 Mylar” insulation - 

locked in burr-free slots. Ls Vie 


3 high velocity air flow / 
cools motor windings. ‘ie Lice,” PET for eane pee’ PET es 
4 lightweight, die-cast 
aluminum end heads. 
choice of sleeve or 
~ ball bearings. 


* DuPont registered trademark. 
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power supply cords 


Complex or simple, big or small, custom or stock . . . Royal’s engineer- 
ing and design facilities are able to develop a complete power supply 
cord, styled to help your product sell . . . dimensioned to speed your 
product assembly. In black or colors to match your product, and 
trade-marked or name branded for you (on orders of sufficient volume ). 
In rubber, neoprene, vinyl or braided jackets, including water-resistant, 
ozone-resistant, and non-marking compounds — with molded-on caps, 
connectors, strain reliefs, special attachments — in fact, exactly to 
your specs in every detail. There’s a wide selection of cord ratings, sizes, 
constructions, from 2-conductors up . . . and a big toolroom of stock 
molds ready to cut or eliminate design time and tooling costs. Prompt 
deliveries, too. 

WRITE FOR ENGINEERING CATALOG No. 5-59 — OR ASK 
TO HAVE OUR REPRESENTATIVE CALL. 
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ROYAL ELECTRIC CORPORATION 
PAWTUCKET, RHODE ISLAND 
In California: Electric Cords & Supply Corp., 


413 East 3rd St., Los Angeles 13 


In Canada: Royal Electric Company (Quebec) Ltd., 
Pointe Claire, Quebec 
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TRANSISTOR’ 


BLOCAING 
OSCILLATOR 


HIGH-SPEED, HIGH-POWER FAIRCHILD PLANAR 2N697 TRANSISTOR AND FD100 DIODE PERFORM.- 
ANCE GIVE EXCELLENT PULSE UNIFORMITY AND EFFICIENCY. 

Planar means an unmatched combination of low leakage and long-time parameter stability through surface protection, 
in addition to superior electrical, mechanical and thermal characteristics. 


Pulse circuit designers can take full advantage of Fairchild’s planar 2N697 and FD100 performance for blocking oscilla- 
tor applications. In the example shown, pulse width is determined primarily by the transformer core for maximum 
load/temperature stability. May we send you the appropriate Application Data? 


A Wholly Owned Subsidiary of Fairchild Camera and Instrument Corporation 
545 Whisman Road « Mountain View, California » YOrkshire 8-8161 * TWX: MN VW CAL 853 


BLOCKING OSCILLATOR CIRCUIT 


PULSE WIDTH 1,5 
RISE TIME ~ 30 mus 
PULSE AMPLITUDE —15 to —20V 


CORE: MAGNETICS, INC 80529 -1/4D 080 


OUTPUT WAVE FORM 


~) 











Make sure to visit The Fairchild Exhibit, Booths 2705-2707 on the second floor at the IRE Show 


‘ 
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SPECIFYING PARTS FABRICATED FROM 
INDUSTRIAL LAMINATED PLASTICS? 


Taylor Fibre Co. belongs in your specifications 


These are just a few of the many parts regu- 
larly fabricated by Taylor Fibre Co. 


Notice they range from tiny, simple parts to 
large complex ones. No job is too small or 
too large for us to handie economically. 


ck a a ale ae 
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The fabrication of accurate parts from laminated plas- 
tics and vulcanized fibre requires the right combination 
of experience, materials, skilled manpower, and equip- 
ment to do the job economically—no matter how complex 
or simple the part may be. We have this combination: 
Taylor Fibre Co. is a basic materials manufacturer .. . 
produces both laminated plastics and vulcanized fibre 
in its own plants. . . offers more than 50 different grades 
of laminated plastics and a number of different grades 
of vulcanized fibre to fit almost all requirements . . . has 
been fabricating parts from these materials for many 
years. Taylor Fibre Co. has the equipment. Its Fabri- 
cating Division is completely equipped with all machine 
tools required to produce accurately finished parts to 
your specifications, even maintains a modern precision 
toolroom to turn out the dies, jigs and fixtures required, 
and special tools and machines if necessary. Taylor 
Fibre Co. has the manpower. Toolroom personnel and 
machine operators are all familiar with the problems 
involved in the fabrication of laminated plastic parts. 
And two plants—one in Norristown, Pa., the other in 
La Verne, Calif.—assure good delivery wherever you 
may be located. 

What does this mean to you as a buyer? Simply this. 
You can reduce inventory investment in raw materials, 
eliminate production headaches within your own plant, 
get the advantages of uniform quality control and quan- 
tity production, even if you have a number of assembly 
plants, and also lower unit costs. 

Our ‘‘why”’ booklet tells the full story of the experience 
... the manpower . .. and the equipment at Taylor Fibre 
Co. to fabricate to specifications, in quantities required, 
in time desired—economically. Write for your copy today. 
Taylor Fibre Co., Norristown 37, Pa. 


LAMINATED 1G V 


CANIZED FIBRE 


Ul 


*e ee 
cee one he eit Natene he: ie iil 


MARCH 1961 Circle 151 on Inquiry Card 





es erry 


The switch is to decorated Beetle” Urea Plastic. now you can mold multi- 


colored decorations into switch plates, stove hardware, business machine keys, temperature indicator knobs, 
electrical appliance housings, and countless other products—and maintain production economy! By incor- 
porating a patterned, resin-impregnated foil during the molding process, you avoid costly after-decoration. 
The pattern becomes part of the molded Beetle Urea plastic. It won't chip off, scratch off or wear off. 


And you still enjoy these proven Beetle plastic advantages: resistance to detergents, oils and grease; arc- 
resistance; track-resistance; good dielectric strength; surface hardness; stain resistance; wear-resistance; 
unlimited range of colors. Write for complete information or call your local Cyanamid representative. 


AMERICAN CYANAMID COMPANY PLASTICS AND RESINS DIVISION 


Wallingford, Connecticut. Offices in: Boston - Charlotte + Chicago + Cincinnati +» Cleveland + Dailas 
» Minneapolis - 


* Detroit - Los Angeles 
New York + Oakiand «+ Philadelphia + St. Louis +» Seattle + in Canada: CYANAMID OF CANADA LIMITED, Montreal - Toronto 
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Most overload-protection devices have™ 


to be de-rated for elevated temperatures. 
As the ambient goes up, usable load 
capacity goes down. This is an inherent 
characteristic of thermal-type devices. 

The Heinemann circuit breaker is mag- 
netically actuated. It senses overcurrent 
not through a heat-sensitive bi-metal strip, 
but through a solenoid coil. The cali- 
brated current capacity of the coil is 
unaffected by temperature. 

If you put a Heinemann breaker in a 
hot, component-packed equipment enclo- 
sure (even next to a bank of tubes), it will 


peaaeaeaeyy 
} 


H(i 


carry 100 per cent rated load without 


‘tripping. It will trip only when it’s sup- 


posed to. And always at the precise over- 
current value specified. 

These temperature-stable characteris- 
tics are common to the entire line of 
Heinemann hydraulic-magnetic circuit 
breakers. You can have any of them 
(including the subminiature Series VP 
shown here) in any integral or fractional 
rating you need, from 0.010 amps on up, 
and with any of several inverse time 
delays. Our Engineering Guide, Bulletin 
201, will give you detailed information. 


HEINEMANN ELECTRIC COMPANY <@ 101 BRUNSWICK PIKE, TRENTON 2, N. J. 
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This small, 4-pole relay has the happy faculty of maintaining its original operating 
tolerances over an exceptionally long life. Example: tests (by customers!) show this 
relay has variations in electrical characteristics of less than 5% after more than 100 
million operations. 


But that's far from all. This is a smai/ relay . . . about a one inch cube. This relay 
is easy to install using the conveniently spaced solder lugs or a socket. Thus you 
save time and production costs. This relay is versatile . . . its 4PDT contacts will 
switch loads from dry circuit up to 3 amperes. This relay—well, why not order samples 
and see for yourself! Order today from your P&B representative or call us at Fulton 
§-5251, in Princeton, Indiana. 


KHP SERIES SPECIFICATIONS 


CONTACTS: 
Arrangement: 4 Form C, 2 Form Z. 


Material: %,”" dia. Silver standard. Silver cad- 
mium oxide and gold alloy available 


Rating: 3 amps @ 30 volts DC or 115 volts AC 
resistive for 100,000 operations. 


cous: 

Resistance: 11,000 ohms max. 

Temperature: Operating Ambient: —45°C. to 
+70°C. 


Power: 0.5 watts min operate @ 25°C. 0.9 
watts nom. @ 25°C. 2.0 watts max. @ 25°C. 


TIMING VALUES: 

Nominal Voltage @ 25°C. Max. Valves 
Pull-in time 15 ms 
Drop-out time 5 ms 

INSULATION RESISTANCE: 1500 ~~ ohms min. 

DIELECTRIC STRENGTH: 

500 Volts RMS 60 cycles between contacts. 

1000 Volts RMS 60 cycles between other elements. 

MECH. LIFE: In excess of 100 million cycles. 

SOCKET: Solder lug or printed circuit terminals. 
Available as accessory. 


DUST COVER: Standard. 
TERMINALS: Solder lug and taper tab. 


P&B STANDARD RELAYS ARE AVAILABLE AT YOUR LOCAL ELECTRONIC PARTS DISTRIBUTOR 


POTTER & BRUMFIELD 


DIVISION OF AMERICAN MACHINE & FOUNDRY COMPANY «+ PRINCETON, INDIANA 


IN CANADA: POTTER & BRUMFIELD, DIVISION OF AMF CANADA LIMITED, GUELPH, ONTARIO 





FOR VOLTAGES OF 600 OR LESS 


There’s a Safe and Dependable 


BUSS Fuse or FUSETRON Fuse 
to fit the needs of every user... 


ed 


...and fuses provide the highest degree 
of protection available. 


They have no hinges or pivots, latches or con- 
tacts to stick or get out of order and possibly fail to 
function at the very moment when their operation 
means safety from serious fire and accidental haz- 
ards. No periodic inspections, recalibration and 
corresponding down-time is required. A fuse is just 
as safe and accurate 20 years or longer after instal- 
lation as it is on the day installed. 


1 Buss LOW-PEAK fuses. A great advancement in pro- 
tective devices. Provide 200,000 amp. interrupting 
capacity ... great current limitation ... plus long time-lag 

to prevent needless shutdowns . . . at minimum cost. 
Ask for Bulletin LPCS 


2 FUSETRON dual-element fuses. Have 100,000 amp. 
interrupting capacity. Eliminate needless blowing of 
circuit fuses. Protect motors against burnout from overloads 
or single phasing. Reduce heating in panels and switches. 
Give thermal protection to panels and switches. Save on 
service and maintenance costs. Ask for Bulletin FIS 


3 Buss Hi-Cap fuses. For loads above 600 and up to 

6,000 amps. Have 200,000 amp. interrupting capacity. 

High speed operation limits fault currents to safe values. 

Can be coordinated with FUSETRON or LOW-PEAK 
fuses to limit outage to circuit of origin. 


Ask for Bulletin HCS 


Buss LIMITRON fuses. Extremely fast opening charac- 
teristics prevent heavy short-circuit currents building 
up under fault conditions. Can be coordinated with FUSE- 
TRON or LOW-PEAK fuses to limit outage to circuit of 
origin. Ask for Bulletin HLS 


5 Buss Super-Lag Renewable fuses. Provide lowest cost 
protection where periodic short-circuits are expected. 
Give freedom from needless blows. Greatly reduce out-of- 


service-losses. Ask for Bulletin RCS 


. Buss One-Time fuses. Offer most economical protec- 
tion for circuits where no motors are connected and 

possible fault current is not over 10,000 amps. 
Ask for Bulletin NCS 


Buss Clear Window Plug fuses. One-piece body and 
“safety” design guarantee protection. Easy to spot 
blown fuse, even when light is poor. Ask for Bulletin WUS 


8 FUSETRON dual-element Plug fuses. Safely reduce 
needless blowing of plug fuses and give full protection 
against short-circuits and overloads. Ask for Bulletin TCPS 


Buss FUSTAT fuses. Have type “‘S’’ base which pre- 

vents overfuseing or tampering. Protect against short- 
circuits and overloads. Safely reduce needless blows. 

Ask for Bulletin SCPS 

0 to 14 Ampere Buss FUSTAT fuses. Provide simple, low cost 

way to protect motors and apparatus against burnout on 

circuits of 125 volts or less. Ask for Bulletin SMPS 


10 BUSS and FUSETRON Small Dimension fuses. Used to 
protect TV, Radio, Instrument, Radar, Avionic and 
Electronic Equipment. Complete fuse line includes dual- 
element “‘slow-blowing,” single-element “‘quick-acting’”’ and 
signal or visual indicating types, in sizes from 1/500 amp. 
up...plus a companion line of fuse clips, blocks and 
holders. Ask for Bulletin SFB 


Play Safe! Install BUSS Fuses or FUSETRON Fuses Now! * Bussmann Mfg. Division, McGraw-Edison Co., St. Louis 7, Mo. 
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m/sec 


chart speed mm 
tog ’ 2 5 10 20 50 100 
eS 


BRUSH INSTRUMENTS 


in multi-cl 

recording 

systems 

NOTNING MNQWED secs nuns sr vty sr 


newest oscillograph is the ideal choice for today’s most advanced telemetry and computer 
systems. Its precision and reliability are proven. You get analog data instantly recorded on 
eight 40mm channels...and the sharpest traces on rectilinear coordinates you’ve ever seen. 
Thirteen electrically controlled chart speeds take the guesswork out of interpretation. All 
functions are operated by pushbutton . . . including an ingenious auto-load chart changing 
arrangement. But . . . the most important reason of all is that this vertical panel oscillograph 
carries the name ‘‘Brush’’. No one is as qualified. See for yourself. Call, write or wire. 


brush INSTRUMENTS 


Olvisiom OF 


37TH AND PERKINS | CLEVITE) CLEVELAND 14, OHIO 
ComPomation | 
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new SOLA 
transistorized 
d-C supply... 


reliably regulates d-c voltage — 
right down to the last “ripple”! 


New highly sensitive SOLA ‘*CVQ”’ provides trans 
istor-regulated d-c output ideal for computers and othe) 
voltage-sensitive equipment. Response to voltage 
change is so rapid the CVQ even attenuates 120-cvcle 
ripple! Yet, with it all, this new d-c supply introduces 
1 revolutionary circuit simplicity providing signifi 
cant savings in sizes more watts per dollar! 


CVQ combines exclusive transistorized shunt regula 
tion with SOLA’s inherently self-protecting, static 
magnetic transformer easily meets the most taxing 
demands of dynamic loading. Voltage holds in spite 
of widely fluctuating loads. The result is longer equip- 
ment life, more trouble-free operation. Contact ow 
area representative for complete specifications and 
prices. Or write today for literature on CVQ 


SEE IT AT THE LR.E. SHOW 
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Standard models available at 5, 6, 10 and 12 volts 
d-c (100-130/181-235/200-260 volt input 

Output regulated within =0.04 for line voltag 
variations +15°,; 0.2°, static-load regulation, 0 to 
full load. 

Excellent transient respons« 

Inherent protection against output over-voltage sat 

guards both supply components and external circuitry 

Short-circuit proof design 


Compact mechanical layout only 121, x 514 x 19 


OLA ELECTRIC CO 
usse Road at Lunt 
rove Village, III 


a-Ba 
77 Evan 
0 18, Ontar 
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Magnet Wires that pace the Industry 
come trom Phelps Dodge! 


Phelps Dodge Applied Research has developed many outstanding magnet wires 
that anticipate the requirements for advanced insulation system designs. 


This widely diversified group of Phelps Dodge “‘firsts” includes: 


CLASS A (105° C) 
to POLY-THERMALEZE® (multi-purpose film) 

CLASS F (155° C) 

SODEREZE® (solderable); FORMVAR* (square and rectangular); 


BONDEZE® (self-bonding); GRIP-EZE® (solderable self-gripping); 
CLASS A (105° C) S-Y BONDEZE® (solderable self-bonding); 


HERMETEZE® (for hermetic motors); 


SODEREZE-BONDEZE® (solderable self-bonding). 


CLASS B (130° C) NYLEZE® (solderable) 


CLASS F (166° c) DAGLAS® (flexible glass) 


CLASS H DAGLAS H°® (flexible glass) 


The complete line of Phelps Dodge magnet wires also includes: 
ML (Class H plus film); Enamel; Formvar* (round); Epoxy; Nyform; Paper; 
Cotton; Multiple Combinations. #FORMVAR®— SHAWINIGAN RESINS 


Any time magnet wire is your problem, consult Phelps Dodge for the quickest, surest answer! 


PHELPS DODGE COPPER PRODUCTS 


CORPORATION 
INCA MANUFACTURING DIVISION, FORT WAYNE, INDIANA 
FIRST FOR LASTING QUALITY—FROM MINE TO MARKET 
Visit Our Booth 4028-9, I.R.E. Show 
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Only Air Express 


assures top priority service 


for your product anywhere 


in the 50 states and Canada 


It doesn’t matter whether you ship a two-ounce 
radio tube or a one-ton piece of earth-moving 
eguipment. The moment the AiR EXPRESS label 
goes into place your shipment gets top priority on 
a//l of the nation’s scheduled airlines. We have 
enthusiastic users on both ends of the scale. 

The reasons: your shipment flies with jet-age 
speed. And it flies first class —first on, first off, first 
there. No waiting ever for package consolidation. 
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Another is convenience—door-to-door service 
plus within-the-hour pickup by the AiR EXPRESS 
fleet of 13,000 special trucks, many radio-dis- 
patched for maximum speed. 

Kid-glove handling every mile of the way—to 
anywhere in the U. S. and Canada—is another 
AIR EXPRESS extra. Teletype receipt of delivery 
on request. That’s why so many businesses are mak- 


ing the one phone call it takes to put AIR EXPRESS 
to work for them—at amazingly low cost—and 
they're doing it regularly. You'll like what happens 
to your competitive position, too, when you think 
fast... think AIR EXPRESS first! Call today... . 


AIR 


LS CALL AIR EXPRESS DIVISION OF R+E*A EXPRESS * GETS THERE FIRST VIA U. S. SCHEDULED AIRLINES 
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MICRO SWITCH Precision Switches 


NEW 


DOOR INTERLOCK 
SWITCH eliminates 


momentary circuit break (Actual Size) 


during re-set 


A new model in MICRO’s line of protective door interlock 

switches, the “13AC” is designed to eliminate that momen- 

tary power interruption when the interlock is re-set upon 

closing the door. This feature is particularly desirable on 

OO ee electronic equipment such as data processing consoles, trans- 

‘ze mitters or computers. 

Door interlock switch assemblies automatically break the 

17AC Series bi : : 

power circuit when a door or drawer is opened, make it easy 

to intentionally energize the circuit for check or test, and 

eliminate the use of dangerous jumpers or tie-downs. When 

the door is closed, these devices automatically re-set so that 
next time the door is opened, power is safely cut off. 


MICRO SWITCH door interlocks are the ultimate in re- 
liability as protective devices on cabinets and enclosures 
BAC Series containing electronic equipment that may be hazardous to 
personnel. More than 150 models include environment- 
proof and high temperature designs, subminiature and multi- 
circuit assemblies and some with self-lubricating thermo- 
24AC Series plastic actuating rods, 


A few of the many different door interlock switches MICRO SWITCH . .. FREEPORT, ILLINOIS 
available. Write for Data Sheet 186 or see the Yellow A division of Honeywell 
Pages for the nearby MICRO SWITCH Branch Office. In Canada: Honeywell Controls, Limited, Toronto 17, Ontario 


H Honeywell 


MICRO SWITCH Precision Switches 
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Chart new paths in printed circuits with Panelyte” 


As new uses for printed circuits are developed, and 
new, more demanding designs are specified—count on 
-anelyte Copper-Clad Laminates for consistently su- 
perior quality. 


At present, you can choose from a wide range of prop- 
erties in four different grades. But St. Regis® Panelyte 
is working to perfect structural qualities which will 
meet your future needs, as well. 


Whether you’re looking for better machinability and 
adhesion, superior chemical resistance, closer thermal 
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tolerances or any special combination of characteristics, 
bring your copper-clad laminate specifications to 
Panelyte. We can supply Panelyte in the following 
grades: Paper Phenolic Base—XP, XXP, XXXP; Glass 
Melamine—G5; Glass Silicone—G7; Glass Epoxy—G10, 
G11. For complete infor- 
mation and the address of 
your nearest Panelyte dis- 
tributor, write Dept. ET- 
361 St. Regis Paper Co., 
150 E. 42nd St., N.Y., N.Y. 


St.Regis 


PANELYTE 


Circle 162 on Inquiry Card > 





The Westinghouse control transformer is your profit-maker special. When you build The Black Line into your 
| control, you immediately hook up to a transformer that will make your control work better and harder for your 
customer—more dependably, too. Sound like a big order? It is—and The Black Line of Westinghouse control 
transformers really delivers. They are ideally suited for almost all machine tool and other control applications. 
Offered in a wide range of voltages, standard, stocked Black Line ratings (types LC, SD, LCO and MTB) will cover 
about 90 percent of all voltage requirements. The SD line is primarily designed to meet limited space require- 
| ments for control panel use. 
The Black Line uses Class A insulation. The assembled core and coil are thoroughly impregnated with 
| Bondar®, a dust- and moisture-resistant insulating varnish development of Westinghouse research. Additional 
protection is available on all type MTB Black Line transformers with easy-to-mount fuse blocks. On 1.0- to 
| 1.5-kva ratings, the Quicklag® circuit breaker can be easily added. 
For control transformers that build quality and profit into your control—get aboard the Westinghouse Black 
Line today. And only Westinghouse can offer overnight delivery to practically any point in the U.S. Your West- 
inghouse representative has complete information. Or, write Westinghouse Electric Corporation, P.O. Box 868, 
Pittsburgh 30, Pennsylvania. 
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CERAMICS FOR 
TRANSISTOR 
CIRCUITS 


TF 


actual size 


HY PERCON® 
CAPACITORS 


f] Ultra-high capacitance 
fl Low voltage 

Miniature size 
| Low Cost 


Designed for use in semi-conductor and other low-voltage circuits, 
these new Hypercon Disc Ceramic Capacitors offer capacitance values 
formerly associated only with electrolytic capacitors. Yet they are only uF 
a fraction of the size of comparable electrolytics . . . and sold at only a 
fraction of the cost! 


3 VOLTS D-C 12 VOLTS D-C 


Diameter F Diameter 
in Inches # in Inches 


Jl 225 047 275 

22 275 ll -400 
Hypercons have excellent stability, exhibiting no loss in capacitance A] 400 22 595 

when operating above room temperature. Their triple-purpose resin 1.0 595 47 840 

coating serves as insulation as well as protection against moisture and 2.2 840 

mechanical damage. 


Hypercons are in mass production now, available for prompt 
delivery. For detailed specifications, write for Engineering Data 
Sheet 6141A to Technical Literature Section, Sprague Electric 
Company, 307 Marshall Street, North Adams, Massachusetts. 


SPRAGUE COMPONENTS: 

CAPACITORS « RESISTORS « MAGNETIC COMPONENTS e« TRANSISTORS e INTERFERENCE FILTERS ¢ PULSE-FORMING NETWORKS e PIEZOELECTRIC CERAMICS 

HIGH TEMPERATURE MAGNET WIRE e CERAMIC-BASE PRINTED NETWORKS e¢ PACKAGED COMPONENT ASSEMBLIES e¢ FUNCTIONAL DIGITAL CIRCUITS 
See us at the IRE Show—Booths 2416-2424 
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Mathematics—A Working Science 


ON ALL SIDES, engineers—and engineering—are 
being embroiled in tasks and problems which 
traditionally have been the concern of sociolo- 
gists, planners and legislators. The unreal and 
simplified sharp definition of “engineering” is 
vanishing under the pressure of human needs. 

If “engineering” cannot be defined, we can 
usefully consider some of its common attributes. 
For one thing, it can reasonably be established 
that the words “engineer” and “engineering” 
carry a strong implication of “accomplishing, 
doing and creating.” To engineer is to execute, 
and the realization is growing that this activity 
is far broader than the mere manipulation of 
slide rules and specifications. 

Another universal ingredient of engineering 
is the use of mathematics. The mason does not 
just “know” mortar—he uses it. Just so, the en- 
gineer does not collect bits of lore and wear 
them as merit badges. “Knowing” tensor analysis 
is one thing—using it is engineering. 

Instead of being a region of aloof abstractions, 
it seems that mathematics can be a _ powerful 
and indispensable tool for creating. “What can 
I do with it?” is the engineer’s reaction to a 
mathematical or analytical method. Pure mathe- 
matics and physical research are powerful foun- 
tainheads of technology, but as such they are 
the provinces of the physicist and the mathema- 


tician. The difference between “pure” and “ap- 
plied” is not one of level, but of purpose. In a 
day when “analytical” has become a catchword, 
and esoteric mathematics a trap for the unwary, 
the engineer more than ever must ask, “What 
can I do with it?” 

Confusion between “level” and “purpose” is 
clearly reflected in the common tendency to 
think that translating a mathematical method 
for use by engineers means simply a lowering 
of level, rather than the infinitely more difficult 
(and useful) recasting of purpose. Certainly the 
engineer is less nimble than the mathematician 
in following symbolic gambits; on the other 
hand, he is not interested in every last academic 
variation and possible projection of a theorem, 
but only in those he can do something with. 

The criterion of usefulness guides our selec- 
tion of editorial subjects, since our readers are 
engineers. ELECTRO-TECHNOLOGY is not, how- 
ever, created each month merely by selecting 
subjects. That would be doing only part of a job. 
For usefulness to engineers, each article must be 
editorially framed and formed so as to be a work- 
ing tool for the engineer. Only then do we feel 
that we are doing the whole job. 


a a A 


Associate Editor 





‘Quiet Wiring 


Increasing demands for accuracy and sensi- 
tivity are being placed on today’s instru- 
ments and systems. Often the circuits carry- 
ing signals which are responsible for this 
accuracy and sensitivity must operate in 
disturbing electromagnetic ambients. These 
circuits must be “‘quiet” despite such dis- 


turbances. 


WALTER MORTON 
Consulting Engineer* 
Anaheim, California 


Too OFTEN, noise is generated in signal circuits by 
primary wiring systems or by improper wiring of high- 
level driving devices to low-level signal-handling devices. 
Mistakes made in wiring up a system from schematic 
diagrams are usually discovered in final tests and are 
costly to rectify. It is important, therefore, to establish 
means of reducing systemic noise through the application 
of “quiet wiring” principles. (1, 2)7 


est, Anaheim, Calif 


ic numerals in parentheses refer to Cited References at end of article. 


Signal 
amplifier 
No. | 


Signol 
omplifier 
No.2 


l> { Vp 


Fig. 1 — Power supply circuit (a) and equivalent schematic (b) 
showing resistances and inductances. 
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Causes of Noise. Systemic noise is defined as that 
occasioned by: 


1. Resistive or inductive voltages 

2. Electrostatically induced voltages 

3. Electromagnetically induced voltages 
(Noise due to fundamental physical phenomena or circuit 
design is not considered here.) (3, 4) 


Resistive and inductive voltages are caused by the 
lumped series resistance and inductance in lines connect- 
ing power sources to signal-handling devices. Consider 
the circuit shown in Fig. 1(a). A schematic of the re- 
sistances and inductances in the connecting wires of this 
circuit is shown in Fig. 1(b). In the diagram, L, and R, 
apply to the line between V and V’ and L. and R, apply 
to the line between V’ and V,. The resistance of the con- 
nection at V’ is R,. It can be seen that 


V,=V —L,dl,/dt — L,dl../dt — R,U, + 1.) — Rd, 


and 


V.=V 


L,(dI,/dt + dl,/dt) — R,(1, + 1.) 


- (R. + R.)1, — L.dl./dt 


Thus, the voltage received by amplifier No. 1 is affected 
by the voltage drops in the common line which are caused 
by the current flowing to amplifier No. 2. The voltage 
at amplifier No. 2 is similarly affected by the current 
flowing to amplifier No. 1. 

To correct this situation, it is necessary to ascertain 
which circuits share a common wiring length and whether 
the voltages generated in the common impedances will 
cause any harm. 


Line with high-level a-c 


Input 


Source 
impedance 


impedance 


Low-level circuit 


Fig. 2 — Capacitance between high- and low-level circuits. 
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Electrostatically induced voltages are caused by dis- 
tributed capacitances between circuits. When a number 
of d-c circuits of different levels are in proximity, voltages 
are induced by the capacitance between circuits which 
are inversely proportional to voltages in the circuits in 
which they are induced. If one of the circuits is at a 
low level, the induced voltage can be very harmful and 
suitable measures must be taken to guard the circuit. 
In a-c circuits, leakage current flows through coupling 
capacitances and causes voltage drops across intervening 
impedances as shown in Fig. 2, where the voltage drop 
caused by the current /, through R, and R, represents 
a noise signal at the input to the amplifier. 

Electromagnetically induced voltages are the result of 
fields created by current loops of power-carrying cables 
such as those involved in machinery, lighting, etc. Power- 
supply circuits should be laid out so that such loops 
are kept to a minimum. Twisting the leads of a power- 
supply circuit will reduce the field generated to a mini- 
mum. No matter what is done, however, some ambient 
magnetic fields always exist. It is therefore necessary to 
protect the highly-sensitive circuit from such fields. One 
solution is to twist the leads of this sensitive circuit. It 
can be seen in Fig. 3 that the amount of flux (B) cutting 
the twisted circuit is considerably less than that cutting 
the open circuit. If twisting is not sufficient, either mag- 
netic current shields or magnetic flux shields (or both) 
must be used. (5, 6) 

Ground Noise. Ground noise is usually a combina- 
tion of resistive and inductive voltages in common wires, 
and electromagnetically induced voltages. Figure 4 shows 
a typical ground system which has a loop in it. In the 
presence of a varying magnetic field, a voltage will be 
induced in the loop U-V-Y-Z. It is necessary to break 
the loop so that no current flow can be supported. 

Figure 5 shows a grounding system in which there are 
no loops, but a number of common wires. Economic 
considerations usually make this type of wiring desirable. 
However, as stated previously, the inductive voltages in 
such a situation may prove to be harmful. For instance, 
assume that this is the grounding system for a number 
of flip-flops. The current pulse from each flip-flop has 
a peak of 40 ma and the duration of the switching is 
0.1 microsec. If the wire used has an inductance of 
1X 10° henries per ft, the voltage induced per foot is 


e = 1 X 10° henries X 40 X 10° amp = 0.4 volt 
10°" see 


(The resistive drop in this case is much less than the 
inductive drop and is neglected here.) This is a very 
high value and would indicate that each flip-flop should 
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Magnetic flux,& 


Signal 
source 


14 hd | 


Fig. 3 — Reducing the amount of flux cutting a circuit by twist: 


ing the leads. 


x Y 


Fig. 4 — Ground circuit with loop. 


Fig. 5 — Ground circuit with common leads. 


be individually grounded, which would be very uneco- 
nomical. The situation can be remedied in another way, 
however, by placing bypass capacitors across the outputs 
of all of the flip-flops. In the example given above, it 
would be customary to reduce the allowable voltage 
from 0.4 to 0.1 volt, and the value of capacitance re- 
quired for each flip-flop would then be 
_ 40 X 10°° amp X 10° sec 


C= ~ == 0.04 mf 
0.1 volt 


Communication Between High- and Low-Level 
Devices. It is often necessary to have a high-level device, 
such as a flip-flop, provide a driving or triggering signal 
to a low-level device, such as a multiplexer. It is im- 
portant in such cases that the signal provided by the 
high-level device does not introduce error into the opera- 
tion of the low-level device. Such an operation is shown 
in Fig. 6, where possible leakage paths are indicated by 
the shunting resistors and capacitors. These difficulties 
can be avoided by providing ground returns for signals 
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Fig. 6 — System with leakage between digital and analog circuits. 


Analog -to- 
digital 
converter 


— 2 


Fig. 8 — System with multiple inputs from transducers. 


and using shielded isolating transformers in the digital 
circuits, as shown in Fig. 7. This solution illustrates the 
principle of noise reduction and is not necessarily a 
good illustration of proper system design. 

Input Transducer Noise. Input transducers for a 
system may operate in extremely bad electrical or electro- 
magnetic ambient conditions. They may be randomly 
and unavoidably grounded at widely separated points. 


Coupling noise between two transducer circuits. 


Fig. 7 — Corrective measures to improve circuit in Fig. 6. 


1000 >R,, R>20 


Fig. 9 — Sources of noise in a transducer. 


A typical multi-input system is shown in Fig. 8. Figure 
9 shows one of the transducers and how noise origi- 
nates in it. One source of noise is ecy, called the common- 
mode voltage generated in the transducer ground. An- 
other source is the electromagnetically induced voltage 
xy(dB/dt), where 8 is assumed to be perpendicular to 
the x-y plane. A third type of noise is represented by e, 
and is the voltage generated by the capacitive currents 
that flow through an imperfect shield. The total noise is 
then 


€n = ecyv + xy(dB/dt) + e, 
where v is an unbalance factor proportional to 


ae 
| Z,+ 2. 
2 


Common-mode voltages are, in general, the result of the 
way in which heavy a-c machinery is grounded. 

It is also necessary to consider coupling noise be- 
tween channels. Thus, in Fig. 10, when channel 1 is 
connected and channel 2 is open, there is a capacitive 
coupling across the contacts of K.. The amount of 
coupling noise generated depends on the resistance be- 
tween the system ground and the earth, R,. For a high 
R,, the coupling-noise voltage in channel 1 is 


€nr = CR,id(ecur — e,)/dt 


For a low R,, the coupling-noise voltage in channel 1 is 
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Wiring to reduce noise of circuit shown in Fig. 12. 


Cnr = Comes — cm 


Two methods of obviating the effects of the noise- 
voltage links in these circuits are shown in Fig. 11. Relay 
K, flips the capacitor from source to system to provide 
isolation in Fig. 11(a). However, the distributed capaci- 
tive coupling across the relay contacts must be accounted 
for. In some cases, shields may have to be carried into 
the relay. The triple shields shown in Fig. 11(b) are 
needed for systems where the sampling rates preclude the 
use of commutation of the amplifier with the input ca- 
pacitor. 

Analog Amplifiers. Analog amplifiers may be used 
to drive analog-to-digital converters or certain external 
devices such as recorders, transponders, etc. They must 
be carefully wired into the system to avoid noise prob- 
lems. Figure 12 shows a schematic of a system containing 
three analog amplifiers. Figure 13 shows how this sys- 
tem might be wired to avoid pick-up from electric and 
magnetic fields. 

When an analog amplifier is used to drive a grounded 
load, a shielded isolation transformer should be used 
between amplifier and load as shown in Fig. 14. Similarly, 
if the output is d-c, a d-c converter should be inserted to 
effect a noise-free coupling to the load (Fig. 15). OOO 
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Fig. 14— Amplifier connected load through isolation trans- 


former. 


onverter 


Fig. 15 — Amplifier connected to load through d-c converter. 
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Stability of Epoxy-Encapsulated 
Magnet-Wire Systems 


—An Analysis of Compatibility Factors 


Encapsulated windings and coils are finding 
increasing design application. What is their 
thermal stability in comparison with that of 
untreated units? What interactions between 
the encapsulants and the magnet-wire insu- 
lations affect system life? What are the opti- 
mum combinations? Several current system 
compatibility studies are reviewed here and 
the results presented in tabular and graph 


form. 


ALEX. E. JAVITZ 


Special Features Editor 


(NY ELECTRICAL insulation system has a built-in problem 
of compatibility between the various elements of the 
system. This problem has frequently been investigated 
in relation to film-insulated magnet wire and the diverse 
varnishes and other treatments used for protection of 
windings against contaminants and other environmental 
conditions. The most critical aspect of incompatibility 
would be evidenced by lack of thermal stability: in a 
treated winding as compared to that of an untreated one. 

Currently, a new and challenging problem has arisen 
in regard to the compatibility between magnet wire and 
epoxy resin encapsulants. This problem has emerged 
particularly in respect to the increasing use of epoxy- 
resin compounds in the construction of the encapsulated 
motor—another example of the far-reaching uses of 
epoxy encapsulating resins in electrical and electronic 
applications. Solution of the problem, however, poses 
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many difficulties and involves a number of controversial 
aspects. 

Recent years have witnessed not only many new de- 
velopments in film-insulated magnet wire, but the num- 
ber of epoxy-resin compounds that are commercially 
available (and those that can be formulated to meet 
special requirements) are countless. It is literally impos- 
sible to test all the possible encapsulated magnet-wire 
systems. 

An epoxy-resin encapsulant is in itself a system, formu- 
lated out of infinite combinations and variations of dif- 
ferent diluents. flexibilizers, fillers, additives, curing 
agents and catalysts. Necessarily. therefore, the problem 
can be studied only by arbitrarily selecting certain types 
of magnet wire and certain epoxy encapsulants and sub- 
jecting these manageable combinations to life tests under 
specified heat-aging conditions and electrically deter- 
mined end points. The actual life of an encapsulated 
magnet-wire system would be determined by a number 
of parameters, principally: 


a. thermal capability of the magnet-wire insulation 

b. heat resistance of the epoxy-resin system 

c. solvent attack on the wire insulation caused by un- 
cured epoxy resin-catalyst mix 

d. resistance of the wire insulation to chemicals released 
by the epoxy resin during aging 

e. resistance to stress cracking caused by thermal cycling. 

f. size of encapsulated unit (coil, etc.) 


g. cost limitations. 


Since the nature of the magnet-wire insulation would 
be identified and the chemical composition of the en- 
capsulating compound known, the results of such inves- 
tigations provide useful guide-points to design engineers 
in the design or selection of optimum epoxy encapsulated 
magnet-wire systems for specified applications. This re- 
port will therefore summarize the results of several such 
investigations, first reviewing alternative test methods 
and test considerations. 

The results of any research program should be used 
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with realistic caution and qualification. This approach 
is certainly in order in respect to the evaluations reported 
here. For one thing, test methods are not uniform. Al- 
though the basic approach is that of AIEE No. 57 
(Evaluation of the Thermal Stability of Enameled Wire 
in Air) modifications of one kind or another have been 
introduced. For example, in one program, the magnet- 
wire samples are cast in glass tubes; in another program, 


Review of 


Four alternative test methods can be considered for 
investigating the compatibility of magnet-wire insulation 
and epoxy-resin encapsulants: 


a. field tests 

b. chemical resistance test 

c. motorette tests 

d. twisted pair test (magnet-wire twist samples). 


Field Tests. Obviousiy, a field test provides con- 
clusive evidence of magnet wire-epoxy resin encapsulant 
compatibility or lack of it. For example, experience has 
shown that after approximately two weeks of field use, 
large holes will be blown in the end turns of an en- 
capsulated motor using inherently incompatible polya- 
mine cured epoxy resins and certain Class 130 (Class 
B) wires. But such tests are time-consuming and rela- 
tively costly. For certain applications, where extended 
reliable life is required (say 10 years’ service), an ac- 
celerated laboratory test must necessarily be preferred. 


a heat-sealed polyetnylene pipe is used as a disposable 
mold; and in still a third program, a simple paper-tube 
mold is utilized. The essential usefulness of this report 
is that it brings together in one place the results of several 
investigations, thus giving the design engineer a spec- 
trum of data, rather than having to depend on test data 
from any one magnet-wire or resin-encapsulant manufac- 
turer. 


Test Methods 


Chemical Resistance Tests. This type of test sub- 
jects magnet-wire samples to the various chemicals used 
in epoxy-resin compounds, as well as to the uncured 
compounds themselves. The tests may involve observa- 
tions of physical deterioration (if any) as well as elec- 
trical strength tests. Essentially, such tests will indicate 
the initial effects of the unreacted chemicals on the insu- 
lation. Significance of such tests will depend on the 
length of time the chemicals remain unreacted. The re- 
sults do not necessarily indicate the effects of prolonged 
exposure of the magnet-wire insulation to the cured en- 
capsulant. They can be useful, however, in modifying or 
discarding given formulations so as to eliminate any 
undesirable effect. For example, certain chemicals act as 
most efficient solvents or strippers of magnet-wire insula- 
tion unless used in low concentration. 

Motorette Tests. Widely employed for testing of 
motor insulation systems where insulating varnishes are 
used for coil impregnation, the motorette has as yet 


Table |— Comparison of Heat-Accelerated Electric Strength Breakdown Performance of Five 
Commercial Magnet Wires under Various Epoxy Resin Encapsulation Conditions* 


Polyvinyl 
formal 


Type of magnet wire and test conditions 
Unaged, untreated twisted pairs 3800 
Untreated, oven-aged (11.3 hr at 220 C) 800 


Encapsulated (amine cure), unaged 9000 


Varnish-impregnated, encapsulated (amine cure), 
oven-aged (11.3 hr at 220 C) 


Encapsulated (amine cure), oven-aged (11.3 hr at 
220 C) 


Encapsulated (acid cure), oven-aged (11.3 hr at 
220 C) 800 


* Specimens are aged as indicated so as to bring them to an approximate 2-kv 
endpoint of a Class 105 C (Class A) or Class 130 C (Class B) magnet wire. 
Specimens are then high-potted and the electric strength determined. (Test 
Method No. 1, as described in text.) 
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Electric breakdown strength, volts rms, 60 cps 


Epoxy-urea- 
formaldehyde 
(Class B) 


Epoxy- 
polyester 
(Class B) 


Polyester II 
(Class B) 


Polyester I 
(Class B) 


3200 2700 4800 6000 
1100 800 2100 1900 


7800 8800 


500 


500 


1000 1300 2100 1300 


Source: “Compatibility of Magnet Wire Insulations and Epoxy Epcapsulating 
Resins," Henry Lee, The Epoxylite Corporation, El Monte, Calif, 





failed to find any appreciable application in screening 
encapsulated systems. The limiting factor is undoubtedly 
the relatively high cost of conducting motorette tests 
where so many possible combinations of magnet wire 
and encapsulant are involved. Costs, however, are less 
than those incurred with field tests. There is a general 
opinion, moreover, that motorette tests based on AIEE 
Standard No. 1-C (Test Code for Evaluation of Insulating 
Materials for Random-Wound Electric Machinery) will 
be also eventually applied to encapsulated systems, pri- 
marily to correlate test results obtained by other methods. 
It is understood that limited tests have already been 
initiated under Defense Department auspices. 

Twisted-Pairs Test. Simplest and most satisfactory 
screening test for encapsulated wire systems appears to 
be based on AIEE No. 57 (Test Procedure for Evaluation 
of the Thermal Stability of Enameled Wire in Air). This 
procedure calls for samples of twisted pairs of wire im- 
pregnated in varnish, but it can be suitably modified 
(as noted later) for encapsulated twists. Each of the 
several evaluation programs summarized in this report 
employed twisted pairs as test samples. 


Summaries of Evaluation Reports 


A test program conducted by The Epoxylite Corpora- 
tion concerned itself with 10 commercial magnet wires 
and a proprietary epoxy encapsulating compound de- 
veloped specifically for stator windings. Basically, ATEE 
No. 57 procedures were followed. Glass test tubes were 
used for completely embedding the twisted pairs, except 
for the leads. After completion of resin cure, the samples 
were oven-aged to promote acceleration of any degrada- 
tion effects. End points were measured by the following 
three methods: 

@ Method No. 1. Samples are aged under conditions 
intended to bring them to an approximate 2-kv end-point 
of a Class 105 C or Class 130 C magnet wire. Samples 
are then high-potted to determine the actual electric break- 
down strength values. Results with this test method are 
rapid and are obtained with only a few samples. How- 
ever, a complete history of a resin-system attack on the 
wire is not given—only a relative value at a given time 
and temperature. 


Table If — Comparison of Heat-Accelerated 
Electric Strength Breakdown Performance of 
Seven Magnet Wires with a Commercial-Grade 
Epoxy Encapsulating Compound* 


a 


| 2-kv breakdown time at 230 C 


Wire insulation 


| Untreated Encapsulated 


Oleoresinous 96 83 
Polyviny1 formal 17 84 
Nylon-Formvar 17.4 100 
Acrylic 26 20 
Epoxy-urea-formaldehyde 20 46 
Polyester (Class F 60 66 
Single glass-polyester (Class F 30 200 


re 
* Electric strength val 
specimens after spe 
Source: Same as 


ves are based on me 


asurements of 5 or 10 per cent of 
(Method No 


cified aging. 2, cf. text.) 


Table’ I 


84 


Table Ill — Selected Epoxy Resin Encapsulating 


—————————— — 


System number 
and type 


1—Amine 


2—Amine 
plus diluent 


4—Liquid 
anhydride 


5—Liquid 
anhydride 


6—Solid 
anhydride 


7—Solid 
amine 


8—Amine 
adduct 


9—Complex 


10—Commercial 


2-stage 





Parts of curing agent 

per 100 of #510 resin 

10 Diethylene triamine 
DETA 


Estimated 
pot life 

30 min @ 
room 
temp. 





20 Phenyl glycidyl ether 


(PGE) 
12 DETA 


116 Dodeceny] succinic 
anhydride (DSA) 
1 BDMA 


90 Methyl nadic anhy- 
dride (MNA) 
2.5 BDMA 





30 min @ 
room 
temp. 


8 days @ 
room 
temp. 


3 to 4 days 
@ room 
temp. 











20 Tetrahydrofurfury] 
alcohol (THFA) 

17 Pyromelleticdian- 
hydride 

23 Maleic anhydride 


30 Diamino diphenylsul- 
fone (DADPS) 


56 min @ 
90 C 





25 Jones-Dabney Epicure 
#82 


3 Boron trifloride #400 
(BF;-mono-ethyl 
amine) 


1:1 Ratio of parts A and 
B 





20 min @ 
room 
temp. 


Six months 


16 hr @ 
80 F 





CCC LLL 


* Source: Phelps 


No 


@ Method No. 2. Electric strength of 5 or 10 per cent 
of the samples is measured after their being aged at a 
given elevated temperature. This method is reasonably 
fast. but requires a greater number of samples than the 
other methods. The adduced data does provide a history 
of attack: it indicates when degradation interactions or 


attacks occurred—that is, whether as a function of aging 
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Cure cycle 


24 hr @ room 


temp., then 
2hr @ 100C 


24 hr @ room 
temp., then 
2hr @ 100C 


Overnight 
@ 100 C 





Overnight 
@ 100C 


Overnight 
@ 100 C 


Overnight 
@ 100C 


24 hr @ room 
temp., then 
2hr @100C 


Overnight 
@ 1C00C 


Overnight 
@ 100 C 





Note: 





Mixing procedure 
Stir in at room temp., use 
at once. (Twists dipped, 
not encapsulated. ) 


Mix PGE with #510 at 
room temp., then add 
DETA and use at once. 


Stir in at room temp. 


Stir in at room temp. 


Mix PMDA, THFA and 
maleic, heat carefully to 
100 C, cool, then add to 
#510 at 60 C. 


Warm #510 to 270 F, add 
DADPS slowly and stir 
until dissolved (10 min.). 
Cool to 210 F and stir 
until thoroughly mixed. 
Pour at 150 to 200 F. 


Stir in at room temp., use 
at once. (Twists dipped, 
not encapsulated. ). 


Warm #510 to 200 F, stir 
in BF;-400. 


Warm parts A and B to 
150 F and stir thorough- 
ly. To 100 parts of A, 
add 100 parts of B. Stir 
thoroughly. 


The systems described here use a medium-viscosity epoxy resin based 
on bisphenol and epichlorohydrin and having a molecular weight of 350 to 400 


or during resin-system cure. 


e@ Method No. 3. In this method, the end point for 
the twisted-pair sample is determined by application 
of a 1-kv or 2-kv test to each sample after each aging 
cycle, the end point being the number of hours required 
to reach breakdown. This method is more time consum- 


ing than the other two, and calls for a large number of 
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Systems for Evaluation with Magnet-Wire Insulations* 


Comment 


DETA is rapid curing; for this reason, it is necessary to dip the twisted pairs in the catalyzed 
resin. DETA is representative of a number of aliphatic amine curing agents. Used alone, 
it will soften all of the insulations evaluated; however, the catalyzed resin is sufficient- 
ly active to cure before the insulating film is harmed. 


PGE is added as a viscosity-reducing additive. The presence of this diluent reduces the 
activity of DETA so that encapsulated samples can be made. Despite the active solvent 
properties of this system, no degradation of any of the film insulations is observed, pro- 
bably because of its fast cure. 


Two commonly used formulations based on liquid anhydrides. When either anhydride, 
DSA or MNA, is used without an initiator, an extended delay in the cure of the epoxy 
resin occurs, even at temperatures as high as 100 C. At these temperatures, the resin- 
anhydride system will strip or dissolve each of the film insulations. The incorporation of 
a small amount of initiator, such as benzyl dimethylamine (BDMA), will promote a rapid 
cure at 100 C, the system gelling within 2 hr at 100 C. When the initiator was used, no 
attack on any of the insulations was noted. 


A cured resin having an extremely high heat-distortion temperature. By first dissolving the 
pyromelleticdianhydride and maleic anhydride in tetrahydrofurfuryl alcohol, it is possible 
to incorporate the normally insoluble PMDA in the liquid resin without resorting to 
extremely high temperatures. This gives a practical system which gels within 1 hr at 
100 C. Here, also, no attack on the insulating films is noted, although THFA is a potent 
solvent. 


A representative, although perhaps not a typical, solid amine curing system. DADPS pro- 
duces cured systems having high heat-distortion temperatures and is chosen for this reason. 
At 100 C, the cure is sufficiently rapid that no attack on the insulating films occurs. 


Epicure #82 is believed to consist of an epoxide adduct of DETA. Performance is similar 
to that of System No. 1. Because of the rapid curing of the system, it is necessary to dip 
the twists in the catalyzed epoxide. As with System No. 1, encapsulating the twisted 
pairs causes an excessive exotherm, producing porous castings. Epicure #82 alone is less 
active in softening action toward the various insulating films than DETA. No attack is 
noted on any of the insulations. 


A latent catalyst, boron trifluoride-mono-ethyl amine complex, is used, typical of the curing 
system used in several one-package encapsulating and putty-type sealing compounds. 
This system is quite stable at room temperature but gels within an hour or two at 100 C. 
It does not soften any of the insulating films; however, corrosive fumes evolve while the 
resin is being cured and aged. These fumes cause rapid deterioration of all insulations 
and promote metal corrosion. Boron trifluoride cormplexes are not recommended for use 
with electrical equipment. 


A commercial material widely used in encapsulating motors. It is believed to consist of 
epoxy resin, liquid anhydride such as is represented by Systems 4 or 5, a polyester-type 
plasticizer, and a filler. This system cures rapidly at 100 C_and no softening’ effect on 
insulation is noted. 


and an epoxy equivalent of 200. Typical resins in this class include Jones-Dabney 
22510, Shell #828, and Union Carbide ERL-2774. 


samples. For these reasons, however, it is considered 
more conservative and reliable. 

Figure 1 shows that agreement between Method 1 
(based on 2-kv breakdown values) and Method 3 (based 
on 1-kv values) are quite good. However, no correlation 
is noted with certain types, especially the polyesters. This 
may be due to the influence of hydrolysis and to chemical- 
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structure effects. It is suggested that the high test tem- 
peratures used may be unduly severe and are disqualify- 
ing wires that would actually perform satisfactorily in 
actual service. The possibility of using lower test tem- 
peratures is suggested for future work (within 20 or 30 
C of rated temperature of the wire). 

Some results of the Epoxylite investigations are given 
in Tables I and II. 

A continuing study by Phelps Dodge Applied Research 
Laboratory has investigated various encapsulated magnet- 
wire combinations based on eight epoxy-resin systems, 
one commercial resin and six different magnet-wire insu- 
lations. The test methods used, the descriptions of the 
resin-catalyst systems, and the test results are detailed 
in Tables III and IV. Some conclusions from this study 
follow: 

1. Modified polyester (Thermaleze F) gives the longest 


life in seven or nine systems tested, and is third in the 
remaining systems. 


2. Modified polyester (Thermaleze B) shows up as second 
in six systems, third in one, and fifth in another. 


3. Polyvinyl formal (Formvar) rates first in System No. 
2, second in Nos. 4 and 10, and third in Nos. 7 and 9. 


4. Polyurethane-polyester (Nyleze) and Formvar-urethane 
(Hermeteze) show fair life at 200 C. 


Oleoresinous 


Fig. 2—Average hours to failure at 1000 volts of epoxy-encapsu- 
lated magnet-wire systems aged at 210 C. The encapsulant com- 
pounds tested have characteristics as shown in the accompany- 


ing tabulation. 


Tests were conducted on the basis of AIEE No. 57 procedures. 
Twist samples were encapsulated in glass test tubes, 150 mm 
long x 16 mm diam. After completion of each aging cycle, sam- 
ples were cooled to room temperature and tested to 1000 volts. 
Samples that passed were returned for further aging. Average 
life was calculated when all samples in a given system failed 
the 1000-volt test. NT = no test. (Source: Technical Report, 
“Thermal Stability of Epoxy-Encapsulated Magnet Wire,” E. W. 
Daszewski, Essex Wire Corporation, Fort Wayne, Indiana.) 
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Polyviny! formal 
(Formvar) 


Twisted pairs encapsulated 
with o commercial epoxy 
compound 


Twisted poir 
untreated 


4 Test Method 2 


0 Test Method 3 


Fig. | — Close correlation is shown here in life tests on epoxy- 
encapsulated magnet wire using Test Method No. 2 (2-kv break- 
down value) and Test Method No. 3 (1-kv breakdown values). 
Cf. text. (Source: The Epoxylite Corporation, El Monte, Cali- 
fornia.) 


Formvar-nylon 
(Nyform) 


Glass-served modified polyester 
(2800 hr) 


Modified polyester 
(2100 hr) 


Filler 
pound/ Curing agent | content bility 
— — a — ————e - ~ 

A | Polyamine adduct} 25 Rigid | 1 hr, R.T. 
B Tertiary amine 
| adduct 25 
c Aliphatic 
anhydride 15 Very rigid | 
D | Aliphatic | i | 
E 
F 


Cure cycle 


Rigid ) 


anhydride | 50 | Very rigid |} 16hr, 250F 
Modified aliphatic | | 
anhydride 25 | Semi-rigid | 
Aromatic || 
dianhydride 35 








Very rigid | J 
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Table IV — Average Hours to 1000-Volt Failure for Encapsulated 


Magnet Wire Aged at 200 C* 


Wire type 
(all AWG No. 18, 
heavy build, 0.003 


i } 
in. insulation) | 2 


4153 6 7 8 


Modified polyester 
(polyester cyanurate) |2645 | 334 | 649 |3909 
Modified polyester® 
(epoxy-polyester ) 994 | 493 | 203 |2616 
Polyvinyl formal! 348 | 672 | 331 | 285 
Polyurethane-polyester* | 409 | 198 | 176 | 234 
Polyvinyl] formal-ure- 
thane" 
Epoxy urea-formalde- 
hyde 


297 | 294 260 360 


728 | 133 | 247| 331 


5. Epoxy-urea’s highest position in tested 


is third. 


any system 


6. No definite pattern is established when the life of 
unvarnished twists is compared with the life values ob- 
tained with the various epoxy encapsulated systems. 


7. Systems Nos. 6 and 7, despite high heat-distortion tem- 
peratures, fail to provide longest life. Heat-distortion tem- 
perature values may possibly be a misleading consideration 
in the selection of optimum epoxy encapsulants for given 
equipment applications. 


A second investigation by Phelps Dodge dealt with its 
most recent variant of a polyester-insulated magnet wire. 
Known commercially as Poly-Thermaleze, the insulation 
consists of a cross-linked terephthalic cyanurate polyester 
plus an outer coating of a fused linear terephthalic poly- 
ester. It was developed to provide better resistance to 


Epoxy resin encapsulating system?:* 


265 500 
259 | 115 1% in. ID, heat sealed at one end, was used as 


208 125 


200 124 


252 | 482 275 


@ Source: Phelps Dodge Applied Research Labora- 
tory, Wire Engineering Report No. 666. 


+ Systems are described in Table III. Systems I 
and 8 were dip-coated rather than encapsulated. 


© Each average life value is the mean of at least 
10 samples. 


4 Phelps Dodge Thermaleze F. 
© Thermaleze B. 

f Formvar. 

® Nyleze. 


» Hermeteze. 


7000 


Note: Test samples were prepared according to 
Paragraph 1-3 of AIEE No. 57. Polyethylene pipe 
disposable mold for coating the wire twists in resin. 
Approximately 44 in. of cured resin surrounded each 
encapsulated twist. The resin set or gelled at room 
temperature or at temperatures as high as 100 C. 
After disposal of the mold, post-cure or aging fol- 
lowed at an established schedule. Following this 
treatment, samples were cooled to room temperature 
and proof-tested at 1000 volts. 


heat and solvent shock failure than the other polyester- 
insulated wires. Tests on the new magnet wire were con- 
ducted at 200 C and 165 C in comparison with several 
other systems; the results are given in Table V. 

Seven selected magnet-wire types, in combination with 
six epoxy compounds used in encapsulation of electrical 
equipment, were subjected to a continuing compatibility 
study by the Essex Wire Corporation Magnet Wire Divi- 
sion. These investigations covered systems aged at 230 C, 
210 C, 190 C and 160 C. The results obtained in the 
210 C tests are presented in Fig. 2 as being the most 
useful for further interpretation and comparison with 
the results obtained in other evaluation programs re- 
ported here. Some brief conclusions may be drawn: 


1. Encapsulated systems containing polyvinyl formal and 
polyvinyl formal-nylon insulation exhibited life equivalent 
to or much better than that of unencapsulated wire. For 


Table V—Selected Encapsulated Magnet-Wire Systems, Average Life to 1000-Volt Failure, 


Aging at 165 and 200 C* 


Type of wire 
(all No. 18 heavy build) 165 C | 200 C 


165 C | 200C 


8064 348 
10-OK' 


Polyvinyl formal” 4175 672 


Modified polyester 
(epoxy-polyester )' 


8064 994 
9-OK 


8064 728 
10-OK 


Epoxy urea-formaldehyde 


Modified polyester 
(linear polyester over cross- 
lmked polyester cyanurate )! 


8064 744 
10-OK 


“ Source: 
» Formvar. 
© Thermaleze B. 

4 Poly-Thermaleze. 


Phelps Dodge Applied Research Laboratory 
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165 C 


Epoxy resin encapsulation system® 


4 5 


200C | 165C | 200C | 165C | 200C | 165C | 200C 


2673 331 3424 285 5040* 208 7392 | 259 


| 7-OK 
6720 
10-OK 


203 | 8064 
| 7-OK 


2616 7392 


9-OK 


7392 | 331 | 


10-OK 


5040 7392¢ 


4000 
10-OK 


7392 
10-OK 


1107 6720 


10-OK 


1008 8064 


10-OK 


* See Table III for dese of systems. 
f For those systems where the average life cannot be estimated, the number of 
OK samples of the 10 original ones is given 


* Estimated average life. 


ription 





320 640 
Hr 
Fig. 3— Optimum combinations of thermally stable epoxy- 


encapsulated magnet wire selected from systems aged at 210 C 
as shown in Fig. 2. 


other wire systems, no clear pattern emerges, the length of 
life apparently being dependent on the composition of the 
encapsulant and its chemical structure. 

2. Anhydride-curing encapsulants impart a markedly im- 
proved thermal life to oleoresinous wire, pointing to an 
increasing scope of applications (except where abrasion re- 
sistance is a consideration). On the other hand, amine-cured 
oleoresinous wire results in a system with relatively poor 
life characteristics. Poor results are also evident in amine 
systems used with modified polyester wire. 


Four optimum systems selected from those aged at 210 
C are plotted in Fig. 3. A study of these plots will reveal 
that, of the wire types investigated, the longest life was 
exhibited by the encapsulated modified polyester wire, 
although it was below that of the untreated wire. The 
effect of encapsulant formulation is clearly evidenced by 
the fact that one of the six compounds investigated was 
responsible in each instance for the longest life with 
three of the four optimum wire types. 

The tests conducted at the 230 C aging temperature 
generally showed that the life of all the encapsulated sys- 
tems was lower than that of the corresponding unencap- 
sulated wire. Quite possibly, these results can be attributed 
to resin degradation caused by an excessively high test 
temperature. [In the preceding summary of the evaluation 
program conducted by The Epoxylite Corporation it has 
been suggested that if test temperatures are too high, 
certain magnet-wire systems may be needlessly disquali- 
fied as a consequence of interactions between the encap- 
sulant and wire that may not necessarily occur in actual 
field service. | 

Results of life studies at 190 C to date show the same 
trends as those reported for 210 C. Sufficient data are not 
available for a selection of optimum systems. Studies at 
160 C are continuing at present for oleoresinous, poly- 
viny! formal-nylon, acrylic, and polyvinyl-formal systems. 
It is already indicated that the polyvinyl-formal (Form- 
var) systems exhibit no degradation. 

Four types of magnet wire and five epoxy commercial 
encapsulating compounds were subjected to a test pro- 
gram by Anaconda Wire & Cable Company, Magnet 
Wire Research & Development Laboratory, to determine, 
among other data: 
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1. room-temperature electric strength 
twisted pairs (AIEE No. 57 samples) 

2. pencil hardness of wire enamel after immersion in 
encapsulants 

3. thermal life. 


of encapsulated 


The compounds used are identified in Table VI by 
temperature class, cure, and degree of flexibility. Chemi- 
cal compositions have not been revealed by the commer- 
cial sources. In general, the work summarized here dis- 
closed that no serious initial detrimental effects were 
found with any available combination of encapsulant and 
magnet wire involving a small cross-sectional area. 

The first investigation, dealing with room-temperature 
electric strength, led to the conclusion that values for 
encapsulated systems were all much higher on initial 
test than those obtained for un-encapsulated samples in 
air. It was noted that freshly mixed epoxy compounds 
tend to soften wire enamels only slightly where certain 
amine catalysts are used. 

Table VII presents test results on the softening effects 
of epoxy encapsulants on the various magnet wires in- 
vestigated. 

Thermal life of the encapsulated systems was studied 
on the basis of AIEE No. 57 procedures, utilizing the 
standard twisted pairs as samples. The twists were en- 
capsulated in cylindrical tubes having a 1°% in. ID. 
Owing to the size of these test units, internal cracks oc- 
curred during most of the tests at 210 C and 230 C. The 
cracks were not externally visible. but were revealed 
when the units were cross-sectioned after failure on the 
1000-volt electric strength test after 200 to 400 hr. It 
was felt that testing of epoxy compounds at temperatures 
over 200 C for extended periods is unrealistic, since 
surface oxidation of these resins and internal stress are 
greater than they can normally withstand. (For the 
higher-temperature ranges, it is suggested that the flexi- 
ble silicone encapsulants should prove useful.) 

Table VIII gives the preliminary results of the Ana- 
conda thermal life tests. Based on the number of hours 
to date, the report assumes that the life of encapsulated 
film-insulated magnet wire generally exceeds the life of 
the same wires in air. In Fig. 4, the high-temperature 


Table Vil—Softening Effects of Epoxy 
Encapsulants on Magnet Wire during 
Room-Temperature Immersion‘ 


Type of magnet wire‘ 


Immer- Polyvinyl 
Com- | sion formal Formvar- 


Poly- 
Bhs ; ‘ 
pound” time, hr |(Formvar)* | urethane; Epoxy 


ester 
None -- 9H 9H 6H 5H 
3 9H 8H 5H 3H 
- 7H 9H 5H 4H 
24 8H 8H 4H 5H 
24 8H 9H 5H 5H 
24 8H 9H 6H 5H 


* Source: Anaconda Wire & Cable Company, 
Laboratory. 
» See Table VI for identification 
All AWG No. 18 heavy build 
4 Pencil-hardness scale ranging from 9H, hardest, down to 3H, softest. 
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data from this table are compared with test data in air. 
It will be noted that the epoxy, polyvinyl formal (Form- 
var) and nylon over Formvar, when encapsulated in 
epoxy compounds, have thermal lives of over five times 
those of the samples tested in air. Encapsulated polyester 
wire shows some improvement in thermal life at 190 C 
over the same wire tested in air. At 210 C, failure oc- 
curred and (as previously noted) sectioned samples re- 
vealed cracking of the encapsulant. Failure in this in- 
stance is attributed to mechanical causes. 

Several specific conclusions are reached in the Ana- 
conda reports: 


1. All film-coated wires are upgraded thermally in an 
encapsulated system compared to their ratings in air. 

2. Polyester-insulated wires require more careful con- 
sideration of encapsulant systems because of compatibility 
problems in closed systems. 

3. It is apparent that accelerated test temperatures above 
200 C are too severe for proving Class B (130 C) and Class 
F (155 C) systems. Internal stresses in thick-walled encap- 
sulants, due to high temperature, result in cracking and 
premature failure of the wire insulation. 


Fluorocarbon-Insulated Wire 


Compatibility with encapsulating compounds jis not 
a particular problem with fluorocarbon-insulated magnet 
wire, since the insulation is inherently chemically inert. 
This very inertness, however, combined with the anti- 
stickiness and slipperiness that are also characteristic of 
the fluorocarbons, does create processing problems: with- 
out suitable pre-treatment or modification of the fluoro- 
carbon surfaces, an effective moisture-proof, contamina- 
tion-proof and secure bond between the encapsulant and 
the wire may not be possible. 

Several methods have been developed for such surface 
pre-treatments. Three important methods are the follow- 


ing: 


a. graft copolymerization (essentially, the “grafting” of 
a polymer of a second monomer onto the existing polymer of 
another monomer, so that the resulting copolymer attains 
predicted modifications of the characteristics of the first 
polymer; in this instance, a surface that is amenable to 


Table Vill—Thermal Life Tests, Selected Epoxy- 
Encapsulated Magnet-Wire Systems*” 


Type of wire and| 
temperature ” a 


Test Temperature 
class 230 C 210 C 190 C | 170C 150C | 130C 


Polyester 230 hr | 325 hr | 2016 hr | 2016 hr 
(Class 155 C) All | All | No No 
failed failed | failures | failures | 


<e | 670 hr 1152 hr | 2016 hr | 2016 hr 


Epoxy 
(Class 130 C) | | 2 No No No 
failures | failures | failures failures | 


Formvar 1040 hr | 1152 hr | 2016 hr | 2016 hr 
(Class 105 C) | No No No | No 

failures | failures | failures | failures 

Nylon over - 1040 hr | 1152 hr | 2016 hr | 2016 hr 
Formvar t | No | No No | No 

(Class 105 C) | failures | failures | failures failures 








' 
® Source: Anaconda Wire & Cable Company. 


> All samples (AIEE -No. 57 twists) were encapsulated in the same commercial 
epoxy compound, a 
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Table Vi—Temperature Class and Cure for 
Selected Commercial Epoxy Compounds" 


| 


Commercial 


epoxy 
compound 


Compound 
Cure stiffness 
Rigid 
Flexible 
Flexible 
Rigid 
Rigid 


Temperature 
class 


130 C 
130 C 
130 C 
155C 
155 C 


Room temperature 
Room temperature 
2hr @ 250 F 
2 hr @ 250 F 
2 hr @ 250 F 


® Used in Anaconda Wire & Cable program (see Tables VII and VIII). 
> Assigned by the compound supplier. 


previously impossible bonding and processing). 

b. chemical etching (a film created on the fluorocarbon 
surface serves as an anchor for the encapsulant) 

c. colloidal silica treatment (used primarily for wire ends, 
fine silica particles are implanted in the resin and provide 
anchor points for the encapsulant). 


All three methods have been found to increase the 
pull-out strength of encapsulated fluorocarbon wire sys- 
tems by a substantial factor compared with the unmodi- 
fied or untreated wire. Depending on the materials used, 
an encapsulated system using an AWG No. 22 wire with 
a surface modified by graft polymerization may exhibit 
a pull-strength ten-fold higher than a system using an 
unmodified wire. 

Several proprietary coatings and bonding techniques 
have also been developed, with results that indicate good 
performance. Figure 5 provides typical data. 

Surface modifications will of course affect insulation 
properties to some extent; however, published data indi- 
cate that such alterations have been minimal. 


General Conclusions 


Some specific conclusions have been given with the 
preceding summaries of the several compatibility studies 


Type of wire and Hours of life , average 
test temperoture _ 800 1200 1600 


Polyester 
21I0C Encapsulated 


In air 


I90C Encapsulated 
In oir 


. LhLkLk kik kh hhh hhh dhdedehe 
Epoxy 


2iIOC Encapsuloted[ = SS 
(ZL 


IS90C Encapsulotegh lc CL 
In oir (LLL 4 


Formvar 


ISOC Encapsuloted tele 
In air (LZ 
Nylon -Formvar 


Ig90C 


Fig. 4— Comparative thermal life of AIEE No. 57 standard 
twists (magnet-wire samples) in an epoxy encapsulant and in 
air. (Source: Anaconda Wire & Cable Company, Research & 
Development Laboratory, Muskegon, Mich.) 
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Fig. 5—ERonding strength of epoxy-encapsulated Teflon-insu- 


lected magnet wire pre-treated with a commercial polymeric coat 
and also with a proprietary bondable technique. Test method: 
wire encapsulated, cured, then tested for pull-out strength with 
a Scott Testing Machine. Encapsulant: Scotcheast No. 2 epoxy. 
(Source: Hitemp Wires, Inc., Westbury, New York.) 


reviewed. It should be apparent that a rigorous correlation 
between these conclusions is difficult. Basically, this situa- 
tion is due to the nature of the materials being evaluated: 
there is an almost endless number of possible epoxy 
compounds and there is a multiplicity of possible combi- 
nations with the various available magnet-wire types. 
Also, it is only fair to note that each of the various studies 
being conducted appears to have a specialized point of 
view. It must be repeated, therefore. that the data pre- 
sented here should be used primarily to establish guide- 
posts in the design and specification of encapsulated 
equipment. 

In addition to the previously stated conclusions related 
to specific wire types and encapsulants, some general con- 
clusions have also been made. These conclusions also 
offer a body of useful design guidance: 


1. Epoxy resins and catalyst combinations vary widely 
in their compatibility with each type of wire. Some wires 
appear to be attacked by the very formulation that rein- 
forces several other wires. It is therefore not possible to 
generalize compatibility for a given compound or for a given 
wire. Each compound should be checked with each proposed 
wire. 

2. Optimum thermal stability for a specific wire depends 
upon the epoxy encapsulant and is obtained only through a 
careful selection of the compound. On the other hand, opti- 


Some of the principles upon which this article is based 
were discussed in the previously published Science & Engi- 
neering article 


e Electrical Insulation Deterioration — December 
1960 


which is available in reprint form. See page 180. 


mum thermal stability for a system depends on the selection 
of both the wire and the compound. 


3. The presence of chemically active materials in the 
epoxy-resin system (such as viscosity depressants or corrosive 
curing agents) may lower the system life. These materials 
are to be avoided in electrical encapsulating; however, if 
they must be used, the more chemically stable wire should 
be used (such as polyvinyl formal and acrylic). 


4. The AIEE No. 57 twisted pair, suitably encapsulatea 
in a test tube or mold, provides a reasonable test specimen 
for compatibility work. Further work must be done to 
qualify test temperatures and end-point determination meth- 
ods. 


5. Because of the countless variables in encapsulating 
with epoxy resins, the equipment designer and resin com- 
pounder must both understand fully the requirements for 
a particular encapsulated winding. Before adopting a system, 
it should be thoroughly tested and evaluated as a system 
if the ultimate in field performance is to be achieved. 


6. Since service temperatures will usually include con- 
siderable cycling, a reliable encapsulating compound must 
be so formulated (with suitable fillers and _ flexibilizing 
agents) that it will withstand the effects of repeated ex- 
pansion and contraction. (There is a point of caution re- 
garding “flexible” compounds: flexibility may sometimes be 
spurious, and the result of inadequate cross-linkage during 
cure. Such a condition may show up later in failure of an 
encapsulated unit during operation.) 


7. Practically all of the encapsulant catalyst systems cur- 
rently in use tend to cause lifting, wrinkling or solvent 
swelling of the organic wire coatings. To prevent damage 
to the magnet-wire enamel during cure of the encapsulating 
compound, it is desirable, therefore, that the cure cycle 
be rapid, preferably less than 1 hr. A proper selection of 
catalyst, cure temperature and accelerators is necessary to 
attain this objective. 


8. There are many catalyst systems which may be used 
with epoxy resins to form insulating coatings or encapsulants 
to protect electrical windings from the effects of exposure 
to moisture, dust, chemical fumes, etc. In selecting a par- 
ticular resin system for a given application, the equipment 
designer must consider many factors, some of which are 
ease of handling, pot life, cure conditions, heat resistance, 
electrical resistivity, cured resin flexibility, heat-distortion 
temperature, electrical characteristics, as well as system 
compatibility with the materials used in the coil or winding. 
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the United States. Principles of operation, 


characteristics and cost factors are compared. 
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WHEN PERFORMANCE requirements permit their usc, the 
standard induction motor and the d-c motor are by far 
the best choices for electrical drives, because of their 
simplicity and economy. When particular drive charac- 
teristics must be obtained, the Ward-Leonard systera is 
favored in the United States, but other basic systems are 
gaining in popularity, and have been extensively used 
in Europe. 

From the standpoint of performance alone, the salient 
characteristics of a drive are starting behavior, regula- 
tion during load cycles, and questions of braking. The 
economic factors to be considered and compared sepa- 
rately are the initial investment, running costs and main- 
tenance costs. An important aspect of costs, for both 
initial investment and maintenance, is that popularity in 
use and engineering practices in a given country can 
significantly affect these costs. Thus, a drive system 1nay 
have many desirable attributes, but if it is not established 
in wide use, the costs will be greater than if the equipment 
for the particular system were in more prevalent produc- 
tion and distribution. 

Induction and D-C Motors. The squirrel-cage induc- 
tion motor offers the extremes of simplicity and freedom 
from maintenance requirements, but is limited by the 
fact that it cannot be used by itself for adjustable speed 
drives, except for the possibility of obtaining a small 
number of steps of speed by the use of pole-changing 
induction motors. This expedient is limited to from two 
to four speed-change steps, and of course the speed 
change is not a smooth variation. Construction of pole- 
changing motors for large numbers of speed changes 
is complicated and expensive. 

Since the efficiency of an induction motor at high slip 
is low, the normal use of this type of motor is at a speed 
near synchronism. The starting characteristic of an in- 
duction motor is shown in Fig. 1. In order to obtain the 
desirable constant acceleration during the starting period, 
or to obtain other starting and running conditions, induc- 
tion motors are frequently connected to their loads 


* Temporarily with Carnegie Institute of Technology, Pittsburgh. 
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through magnetic couplings, which may also be used for 
speed control.* 

A major advantage of the d-c motor is its extreme 
flexibility. The inherent constant-speed characteristic of 
the shunt-connected d-c motor, Fig. 2, may be varied so 
as to obtain almost any combination of starting and 
running qualities, by suitable compounding and the use 
of the series motor for the ultimate in starting torque. 

The wound-rotor induction motor offers much greater 
scope for tailoring the motor starting and running char- 
acteristics and for control than does the squirrel-cage 
induction motor. By changing the external resistances 
in the rotor circuits of a wound-rotor induction motor, 
various characteristics may be obtained (Fig. 2). The 


* “Adjustable-Speed Drive Uses Eddy-Current Coupling,”” Execrrica Manurac- 
ruRING, April 1960, p 184; and “Load Factors in Selection of Eddy-Current 
Drives,"" R. P. Bleikamp, Evecrrica. Manuracruninc, April 1959, p 92. 


Synchronous 


Time, ¢ 


ig. 1 — Starting characteristic of induction motor. 


Torque proportional 
to squore of speed 


| _ Constant 
torque 


Torque Torque 


Fig. 2— Comparison of speed-control characteristics of induc- 
tion motor (left) and d-c shunt motor (right). Included in the 
induction-motor curves are those for constant torque and for 
torque proportional to the square of the speed. 
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diagram shows a number of speed-torque variations 
possible, including constant torque and torque propor- 
tional to the square of the speed, as may be required for 
pumps and similar applications. 

Modification of a motor characteristic may be obtained 
by a controlled application of additional load as, for 
instance, by the use of a brake. This form of drive is 
frequently employed for hoists and in similar applica- 
tions. The primary drive is a wound-rotor induction motor 
with external resistances so that the motor inherent 
characteristic is essentially a straight line, Fig. 3. When 
the load torque is 7',, the brake torque 7’, is adjusted so 
that the total torque load on the motor is 7;, the motor 
torque corresponding to the desired speed. The applica- 
tion of the brake torque may be made automatic through 
the use of a suitable servo system. 

Constant speed of an induction motor with variable 
load may also be obtained by the use of a feedback loop, 
Fig. 4. The controlled value of speed corresponds to a 
certain value of slip voltage. which is rectified and com- 
pared with a reference voltage. Any voltage difference 
is amplified and used to actuate a motor driving the 
induction-motor external resistance setting. 

The major disadvantage of wound-rotor speed control 
with external resistance is the low efficiency due to the 
losses in the rotor circuit. There are methods which 
convert the “parasitic” slip-frequency power to useful 
power and result in a much higher overall efficiency. This 
entails the use of components in addition to the primary 
drive motor, such as a d-c motor. 

Frequency-Conversion Systems. In the basic sys- 
tem for variable-frequency motor drive, one or more 
squirrel-cage induction motors is supplied with power 
from a variable frequency generator. The generator is 


driven by a d-c motor or other type of adjustable speed 
drive.* As the frequency is varied, the synchronous 
speeds (and, therefore, the load-speed curves) of the 


*“Variable-Speed Multiple Drive System,” 


Evectro-TecHNo.ocy, 
1960 p 200 


December 


<———— Motor characteristic 


Torque 


Fig. 3— Constant speed obtained with induction motor by ap- 
plication of brake load supplementing varying work load to 
apply total constant load to the motor. 
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induction motors vary accordingly. In the concatenation 
method of operation—which is well known, but not much 
used in the United States—the rotors of two wound-rotor 
induction motors are coupled together mechanically and 
the stator of one motor is supplied with power from the 
rotor slip rings of the other. The resulting speed of the 
combination depends on the numbers of poles in the 
two machines, their winding characteristics, primary 
line frequency, and rotor external resistances. 

Especially for use in drives of tools in certain indus- 
tries such as woodworking, light weight and high speed 
are desired. Both of these characteristics may be ob- 
tained while preserving the rugged simplicity and free- 
dom from maintenance requirements of the induction 
motor by using a high-frequency generator to energize 
the motors. The high frequency may be obtained by the 
use of a motor-generator set deriving power from the 
normal frequency lines. 

The frequency-conversion system for variable speed 
drives is most advantageous for high speed control; i.e., 
for drive speeds in the range of 150 to 250 per cent of 
the synchronous speed at primary frequency. This is a 
result of the fact that the size of the variable-frequency 
generator is directly proportional to the ratio f,/f., in 
which f, is the primary line frequency and f, is the 
generated variable frequency. 

A new type of frequency converter developed in Europe 
has been particularly successful for use with drives re- 
quiring very low frequencies for smooth control. The 
complete system consists of an induction motor and an 
integral, three-phase commutator motor converter, Fig. 
5. The slip frequency can be adjusted by means of re- 
sistances in the stator secondary circuit and the low 
frequency is obtained from the converter from the three- 
phase commutator side. The latter power is used to 
energize drive motors. 

The frequency-conversion approach to variable speed 
drive has limitations. It is, in general, suitable for either 
relatively high or low frequencies and corresponding 
speed control ranges. The use of pole-changing motors 
with such systems, of course, can extend their usefulness. 

Cascading Systems. A reference was made earlier 
to a drive system in which wound-rotor induction-motor 
external losses were employed to energize a d-c motor 
to improve efficiency. This is actually a d-c cascading 
system, usually known as Kramer and Scherbius cas- 
cades, with variations such as the Rectiflow system used 


Wound-rotor 
induction motor 


Fig. 4— Constant speed of wound-rotor induction motor ob- 
tained by use of feedback loop and d-c motor actuating resist- 
ance settings. 
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Stotor Low 
windings frequency 


Commutator 


Fig. 5 — Frequency converter consisting of wound-rotor induc- 
tion motor and three-phase commutator machine, for production 
of low frequencies. 


in the United States.* 

The development of silicon rectifiers simplifies the 
rectification problems in d-c cascade systems, in that 
heavy rotary converters or motor-generator sets are not 
required. Less maintenance and better response are also 
features of the static rectifiers. The basic principle of 
the d-c cascade is that the otherwise wasted slip-frequency 
power of the wound-rotor induction motor is made useful 
and is re-introduced in the system either as mechanical 
power [the Kramer cascade, Fig. 6(a)] or recovered 
by a d-c to a-c motor generator set which returns power 
to the line, which is the Scherbius cascade [Fig. 6(b) ]. 

The Kramer cascade is the more common. When the 
machines combined in a Kramer system are properly 
matched, the efficiency and power factor can be quite 
high, although often high efficiency is at the expense of 
power factor and vice versa. The advantage of this d-c 
motor and induction-motor cascade system as compared 
with the Ward-Leonard system is that the cascade em- 
ploys smaller d-c motors and rectifiers for limited speed 
ranges. However, even for full speed control from stand- 
still, the cascade system employs only one induction motor 
and one full size d-c motor. 

A-C Commutator Motors. Although seldom used 
in the United States except for traction purposes, the a-c 
commutator motor will in many cases perform the same 
functions as a speed-controlled induction motor or the 
Ward-Leonard system. The single-phase a-c series com- 
mutator motor and the three-phase shunt-connected a-c 
commutator motor have had recent expanded develop- 
ment; other types such as the repulsion motor and the 
series three-phase commutator motor are not used ex- 
tensively. The general class of a-c commutator motors 
includes types which are more complicated and inherently 
more expensive than induction motors, but the smooth 
speed control of the shunt-connected form and the high 
starting torque of the series commutator motor make 
them frequently suitable for use in drives. 

The size and power output of a-c commutator motors 
are limited by practical considerations; they are seldom 
made with output ratings exceeding 100 kw. Range of 
speed regulation is in the order of 1 to 50 or even 1 to 
100, and their efficiency remains more or less constant 
at a given torque over wide ranges of speed. 

The a-c commutator motor can also be used to ad- 
vantage as the cascaded unit in connection with a wound- 
rotor induction motor, in which applicatiou it serves the 
same function as the d-c motor described earlier. It can 


* “*A-C Drive Offers System Design Flexibility,” 


N. Onjanow, Evecrnro- Tecuno.ocy, 
December 1960, p 131. 
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Induction 
/ motor 
The basic cascade systems, (a) Kramer and (b) 


Fig. 6 
Scherbius. 


also be used to drive a generator to return power to the 
line, in cascade service. 

Cost Factors in Drive Selection. For engineering 
purposes, cost factors can be discussed in either very 
general terms relating to inherent machine qualities hav- 
ing to do with efficiency, maintenance requirements and 
structural complication, or by specific analytical surveys 
for which up-to-the-minute and directly pertinent cost 
data are necessary. An approach between these two— 
that is, “analysis” using broad assumptions and remotely 
deduced costs—is likely to be more misleading than use- 
ful. The present discussion is therefore limited to general 
observations. 

The standard induction motor is the lowest-cost ma- 
chine and its maintenance is simple, but low efficiency 
under speed control and high running costs when oper- 
ated under control frequently justify the adoption of a 
higher-initial-cost system such as the Ward Leonard. 

When a speed-control range of 30 to 40 per cent will 
serve the purpose, there is no justification for the high 
investment required for the Ward-Leonard system, which 
involves two full-size d-c machines and a full-size induc- 
tion machine. For the limited-speed-range drive applica- 
tion, the d-c or a-c cascaded induction motor drive or the 
frequency-converter drive will be more suitable. 

Size of drive—that is, the power requirement—has an 
important bearing on relative costs. In general, systems 
requiring fewer machines of full power rating will be 
Thus, the various cascade drives employ- 
ing a full-size induction motor plus smaller auxiliary 
machines will cost less than systems such as the Ward 
Leonard, which employ combinations of full-power-rated 
units. The cascade systems merit complete reconsideration 
from the standpoints of dependability of service and 
lower maintenance requirements because of the advent 
of silicon rectifiers. 

Popularity of use and engineering practices have a 
marked effect on cost factors. For instance, in the United 
States, a cost comparison between cascade systems and 
a-c commutator motor drives would inevitably show the 
latter at a disadvantage. In Europe, however, the a-c 
commutator motor has been more widely adopted, so that 
its cost is lower and it may compare favorably with 
other systems. 


lower in cost. 


In all cases of making specific cost comparisons, it is 
of course necessary to consider whether or not a given 
system requires auxiliary equipment in order to function, 
and to include the costs and service aspects of such 
equipment in the estimates. O0O 
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EXTENDED SURFACES 
for Heat Transfer 


Radial Fins of Rectangular Profile 


The radial fin of rectangular profile 
does not have the constant cross-sec- 
tional area exhibited by the longitudinal 
fin that was the subject of Part 1 of this 
series, published last month. Because of 
the variation in areas of the radial fin, 
in both cross-section and surface area, 
the analysis involves a differential equa- 
tion having variable rather than constant 
coefficients, and is therefore more com- 
plex. Workable simplified methods are 
derived here from the rigorous analysis. 


ALLAN D. KRAUS 

Senior Engineer, Countermeasures Division 
Sperry Gyroscope COMPANY 

Division of Sperry Rand Corporation 
Great Neck, L. I., N. Y 


THE RADIAL FIN of rectangular profile, attached to a heat- 
exchanger tube, is shown in Fig. 6*, which defines the 
terminology and limitations employed in formulating the 
temperature-pattern differential equation. The coordinate 
r is taken as having the tube axis as its origin, and is 
positive outward from the center. 

The cross-sectional area of a differential element of fin 
height dr is: A = 2zrd. This element has surface area 


dS = 2(2rr)dr = Anrdr 
The difference between the heat conducted in the r 


* Figures, equations and tables are numbered in sequence through this series. 
(Figures 1-5 appeared in Part 1, February issue.) 
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direction into the differential element at r and out of 
the differential element at (r + dr) is 
d dt 
; 9 33) % 
— (2x70 7) dr (33) 


where ¢ is the ternperature in the differential element. 


For a surrounding temperature f,, 
¢6=t-—t, and dé=dl 


As in the case of the longitudinal fin, we are presum- 
ing that the fin is warmer than its surroundings. 

In the steady state, the general heat balance requires 
that the heat flowing through the element dr be equal to 
that dissipated by convection by the two faces of the fin. 
The heat dissipated by convection is 


h@dS = Anhrédr (34) 
Equating Eqs (33) and (34): 


(2xar ” + 27d dt dr — Arhrédr = 0 
dr dr 


and, with dé = dt, 


d°6 
2r6r + 2 
dP dr 


r? mind + a — mrp = 0 (35) 
dr’ dr 


we obtain Bessel’s modified equation of zero order with 
parameter 


[2h 


m= V4 ki 


The general solution to Eq (35) can be stated im- 
mediately as 


@ = C\l,(mr) + C:K,(mr) (36) 


where the arbitrary constants C, and C., are to be 
evaluated from the boundary conditions imposed. 


Temperature Excess Patterns 


@ (a) In the case of no heat flowing from the end 


of the fin: 
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| | 
kb(2ur.) do _ dé / (37) 
dr dr 


r=le rere f=T¢ 


since neither &, § nor r, are zero. In addition, for a 
uniform temperature excess at the base, 


(38) 


T=T¢ 


Equations (37) and (38) are the boundary conditions. 


To apply the first of these, the general solution to the 
differential equation is differentiated: 


dé 


dr CymI (mr) 


ComK (mr) 
and, with the boundary condition of Eq (37) substituted, 
it is seen that 


10 | 
: Cum (mr,) — ComK \(mr,) 


C\T,(mr,) C.K \(mr,) 
At the base, the temperature excess is 
60 C\l.Qmr,) + C2K.(mr,) (40) 


Equations (39) and (40) are used to evaluate the ar- 
bitrary constants C, and C.. From Eq (39), 


C K,(mr,) 
* D.(mr,) 


By substitution into Eq (40), 


0 K,(mr,) 


T(r.) T,(mr,) 


C.K .(mr,) 


c,[ r.)1.(mr,) + K.(rr.) 1) Crr,) 
is I,(mr,) | 


we find that 


6,1,C(mr,) 
K Gru 1 Cmr,) K.(mr,)1,(mr,) 


i 6.K\(mr,) 
- Ki(mr,.)1,(mr,) + K.(mr,)1,(mr,) 

We may therefore obtain the particular solution to 
Eq (35) for the simplified case of no heat flow from 
the end as 


L,(mr)K mr) | 
K .mr,)1,(mr,) 


_ 6.|Ki(mr,.)1,(mr) 


K\(mr,)1,(mr,) (41) 


Equation (41) is the temperature excess at any point 
in the fin as a function of the distance, r, from the 
center of the tube or pipe to which the fin is bonded. 
Note that at r, (the base of the fin) Eq (41) reduces 
to give 6 = 6). 


@ (b) For the ideal case of heat flowing from the end, 
the boundary condition of Eq (37) must be modified. 
The heat flow by conduction at the end (r = r,) is 
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Nomenclature* 


a = specific radius ratio function (subscript) 

b = specific radius ratio function (subscript) 

I = modified Bessel function, first kind 

K = modified Bessel function, second kind 

L = longitudinal fin of rectangular profile (sub- 
script) 

r = fin radius, ft 

r’ = additional radius for Harper-Brown modifica- 
tion, ft 

r, == corrected radius for Harper-Brown modifica- 
tion, ft 

R = radius ratio function 

‘y= ratio of modified Bessel functions 

p = radius ratio 


* The reader is referred to Part 1 on this series, February 1961, 
p 73, for the original nomenclature list. 


Fig. 6—Radial fin of rectangular profile, terminology and 
coordinate system. For the analysis, certain assumptions and 
limitations are employed: 

(a) The heat flow is steady; i.e, the temperature at any 
point in the fin does not vary with time. 

(b) The material of the fin is homogeneous and the thermai 
conductivity of the fin is constant. 

(c) The coefficient of heat transfer is constant over the entire 
face surface of the fin. 

(d) The temperature of the surrounding fluid is uniform. 

(e) There are no tangential temperature gradients around 
the fin and there are no temperature gradients across the width 
of the fin. It is presumed that in this cylindrical coordinate 
system, the only temperature gradient is in the radial direction. 
This assumes that the height of the fin is great when compared 
to its width. 

(f{) There is no bond resistance at the base of the fin and 
the temperature at the base is uniform. 


(g) There are no heat sources or sinks within the fin itself. 


(h) A negligible amount of heat is transferred out of the 
end of the fin unless otherwise noted. 
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s do | 
dil dr | 


T=—f¢ 


= —k2r 


= —k2ar bo [Cl (mr) + C.K Amr) rar 


—k2ar.6 (mC 1(mr,) — mC2Ki(mr,)] 


This heat flow must be equal to the heat transferred 
from the fin to the surroundings by convection. If we 
denote the heat-transfer coefficient at the end by h,, we 


have 


4d 2nrbhb. = 2axrdbh. (Cil(mr.) + CK (mr.)) 


so that 


-k2ar.6 (mC,1,\(mr,) — mC,K,(mr,)] = 
2Qarbh. (Cl .(mr.) + C.K (mr.)) 


wali 
mC,I,(mr,) — mC:K\(mr,) = = 


(Cl. (mr.) + C2K(mr.)} (42) 
the first boundary condition for the ideal case. The sec- 
ond boundary condition is, as before, shown by Eq (40). 
The use of these boundary conditions will yield as the 
particular solution for the case of heat flow from the end: 
: I,(mr) + yK.(mr) i 

iam [es + yK,(mr,) (43) 


where 


he 1,(mr,) + I,\(mr.) 
mk | 


K\(mr,)— * K(mr,) 


7= 


It is obvious that if the end heat-transfer coefficient is 
equal to zero (h, = 0), we will have the simplified case. 
For this condition, 


_ 1(mr,) 
we K,(mr,) 


and Eq (43) will reduce to Eq (41). 


@ (c) For the Harper-Brown approximation, as with 
the longitudinal fin, let us propose a corrected outer 
radius to account for the heat dissipated at the end of 
the fin. The fictitious addition to the radius will be 
designated as r’. It is this added radius that dissipates 
the excess heat remaining at the end of the fin, r = rp. 
The total outer radius is now designated as r, = r, + 7’. 

The heat loss from the end where the corrected fin 
height is not used is 


q = h2rr.5@ 


and if all of this heat is to be dissipated between r = r, 
and r =f, 


q= 2hr(r2 —_ re )0e 
These heat dissipations are then equated: 
2rhr.50, = 2rh(r2 — r2)e, 


° 


ro6=reé—rZ 
= (r. — rere + re) 


= r'(r. T re) 
It is presumed that r, and r, are approximately equal. 


* See Appendix C. 
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If they are not, the heat loss from the end will not be 
insignificant and the approximation as well as our com- 
plete analysis will not be valid. With r, + re = 2re¢, it is 


seen that the last relationship becomes 
+r.) = r’(2r.) 


r6=r(r. 


so that* 


which 
height in the longitudinal fin of rectangular profile. The 
corrected end radius is therefore 


is completely analogous to the additional fin 


5 
= P, - 
The temperature excess relationship using the Harper- 
Brown approximation is identical to the simplified case, 
but with r, substituted for r,: 


_ 9, (K,i(mr.)I (mr) + Ii(mr)KAmr)} 


K\(mr.)I.(mr.) + K(mr.)Ii(mr-.) ate 


Figure 7 is a comparison of the temperature excess 
profiles obtained for the simplified solution of Eq (41) 
and the ideal solution of Eq (43) for two values of the 
convective heat-transfer coefficient. The curves are based 
on an aluminum fin (k = 117 Btu/ft-hr-deg F), 1/16 
in. wide and with inner and outer radii of 1 and 2 in., 
respectively. The effect of the edge heat-transfer coefficient 
can be noted and it is seen that the temperature at every 
point in the fin is lower for the ideal solution. 


@ (d) The heat flowing through the base of the fin 
for the simplified case of no heat loss from the end will be 


dé 
dr 


—k2rr.6 


By using Eq (41), 


d K,(mr,)1,(mr) 
dr _I.(mr.)K\(mr,) 


Lmr) Kr) 
22 rr.d0. . - 
k2xreb0. harre Kvrr,) 
o.. o | @Ki(mr,) 1 (mr) —m (mr, Kyi(rr) 

=— k2rr,60 —— : 
1.(mr.)K (mr,) +1 ,(mr K (mr) | ; 
illest [eee — K\(mr,)1,(mr,) (45) 
eee tn 1.(mr,.)K\(mr,) + Tmr. K (mr) oe 


The heat flow through the base by the Harper-Brown 
approximation will be in the same form as Eq (45) but 
with r, substituted for r,: 


L(mr.)K\(mr,) — Ky(rrh(mr,) 


1,(mr,)K \(mr.) + 1y(mr.)K .(mr,) (16) 


qo = 2rr,dkmé, [ 
As in the case of the longitudinal fin, we may sub- 
stitute 


so that Eq (46) becomes 


qo. = 2xr,dkmé,- 
I,(mr, + V N)K\(mr.) — K\(mr, + V N)I(mr ] (46a) 
—— —< —— a 
I.(mr.)K (mr, + VY N) + I(mr. + VV N)K.(mr,) 
* The exact correction would be r 2 l (6/4re) 4+ However, the 
ally less than 1 per cent. Omission of these 


terms will cause no appreciable error, particularly since r’ is itself a very small 
correction. 


sum of the terms following 1 is us 
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because 


/ 
h fence “- 


km ah % 
k pose 
Vis 


h h . 
mre =mi{r —} =m =m.++J/N 
r ( ot ins) ot km a 
The heat flow through the base for the ideal case is 
obtained in the same manner as that for the simplified 
case and through the use of Eq (43): 


and I.(mr) + yK.(mr) 
-k2ar.6 06 — 
dr I.(mro) + yK.(mr.) be 


mI (mr) — ymK\(mr) 

= —k2zr.50, saci rere eee 
k2xr,60 I.(mro) + 7K mr.) : 

yK\(mr.) — I(mr,) 


[,(mr,) + yK.(mr,) we 


= 2rr,dkmé, 

All of the foregoing considerations of temperature 

excess relationships and heat flow into the base of the 
fin are summarized in Table II. 


Efficiency 

We will base our discussion of efficiency on the Harper- 
Brown approximation. This will yield more accurate 
efficiency values than those obtainable for the simplified 
case where no heat flows from the end. Admittedly, these 
values will not be as accurate as those obtainable for 
the ideal case. 

The actual heat flow through the base will be, in the 
steady state, that which is dissipated from the faces 
of the fin*: 


L,(mrJ)K\(mr.) — Ki(mr.)1\(mr,) 


1.(mr.)Ki(mr-) I,(mr,)K.(mr,) (46) 


ws = 2rr.5kmO, 
The ideal heat dissipation is that which would occur 


* An alternate method of obtaining the base or root heat flow is given in Appen- 
dix D. This alternate method demonstrates that the heat flow through the base 
is actually that which is dissipated from the fin faces. 


, temperature excess at point r to base 
temperature excess 


Ratio 


0.50 
1. 
Distance from origin ,7, 
Fig. 7 — Temperature excess of radial fin of rectangular profile, 
showing comparison of results using ideal and simplified solu- 


tion. Fin is aluminum, “4g in. wide, inner radius 1 in., outer 
radius 2 in. 


if the faces operated in their entirety at the base tem- 
perature difference: 
qi = 2r(r2 — ro2)hO, (48) 
The efficiency is the ratio of Eqs (46) and (48): 
Io 
qi 


I,(mr.)K\(mr,) —_ Ki(mr.)Li(mro) 
I,(mr)K (mre) + 1,(mr.)K Amr.) 


2r(r2 — r.*)hOe 


1,(mr,)K mr.) — Ki(mr.)Ii(mr.) 
T(mr.)K\(mr.) + I(mr.)K mr.) 


2ar,dkmé, [ 


a rookm 
(r2 — ro*)h 


Table 11—Summary of Temperature Excess and Base Heat Flow Relationships for Radial Fin of 


Rectangular Profile 


Method 


Ideal case 


mt, I.(mr,.) + Ii(mr,) 


Ki(mr,) aoe K.(mr,) | 
mk | 


_ mk — ; S con I(mr) + yK.(mr) 
= I.(mr,) + yK.(mr,) 


7yKi( mr.) — I,(mr,) 
I,(mro) + yKo(mro) 
Eq (47) 


Qo = teak | 


Eq (43)| 


| 





Harper-Brown 
approximation 


6 
re=fet> 


Simplified solution 


_ 9o(Ki(mr.)Io(mr) + Ii(mr.)K( mr) 


g = SelKi(mre)I(mr) + h(mre)Ko(mr)| 
I.(mr.)Ki( mr.) + I(mr-)K.( mr.) 
Eq (44) 


are aerakent,| Hone Kent) — Ki(mr.)h( mr.) 
| Jom. )Ki(mr-) + I\(mr.)K.( mr.) 





I.(mr.)Ki(mr,) + 1,(mr.)K.( mr.) 
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I.(mr.)K,(mr,) + qi mr.) KA mr.) 
Eq (45) 


ee | | fein — K,(mr,)Ii(mr.) 
Eq (41) 
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= 


2r T(mr.)K (ro) — Ki(mnr.)1i(mr q (49) 
mr? — r2) L1Amr.)Ki(mr.) + I(mr,)K Amro) 


The efficiency relationship of Eq (49), while being 
otherwise perfectly adequate, has two distinct disad- 
vantages. First, its form does not allow for a simple 
comparison with other radial fins. This disadvantage 
could be overcome if the efficiency were a function of 
the ratio of the radii, since all radial fins could be com- 
pared quite easily on this basis. The second disadvantage 
is that of computational procedure. The host of Bessel 
functions do not lend themselves to repeated calculations. 
This may be overcome by using a correction factor, de- 
veloped by Harper and Brown, which accounts for the 
difference between the radial fin and the longitudinal 
fin of rectangular profile. 

Consider the profile area of the fin 


F 6(r. — ro) 
and express mr, in terms of the profile area: 


/ 2) hr, ) 
vars a 


i « 
/ 2h 


rr r,)! \ kA. 


If a parameter, R,, is defined as 



































O=('%--7 % [2h _ 


VkKAD 


Fig. 8 — Efficiency, radial fin of rectangular profile. 


and if we note the fact that the fin height is equal to 
the difference of the radii 


be = fe — Po 


we can adjust the final expression for mr, by multiplying 
numerator and denominator by the fin height, b, to yield 


s / 2h (b- 
mr, = rte — To)! / kA, (5) 


; 9 
rAre — re)*!? 4] = 


V kA, 
Pe = Pe 
Now, for a given fin operating in a prescribed environ- 
ment with a particular heat-transfer coefficient, we may 
designate a constant 


2h 


@=(r a a kA, 


so that 
Similarly, 


If we define 


then 


lod Po 
: Rad = Rib 
ra 
r (i 
re 


R,d@ and mr, = Rid, we may adjust 


Since mr, 
Eq (49): 


2re T,(R.d)K (Rid) — K,(Rad) (Rod) 


mir? — 72) LL(Rib)Ki Red) FLA )K (Rig) | O°” 


However, the parameter preceding the bracketed group- 
ing of Bessel functions in Eq (49a) can also be expressed 
in terms of ¢ and the radius ratio (R, and R, are them- 
selves functions of the radius ratio) : 


2r Ze 
m(r2 — r,) : mre — Tore + Po) 
2ro 
2h 


(re + rere — Fe) = 


because, as shown previously, 


{| 2h 


ohn OS 


Furthermore, because 


¢=(r. — ropny/ 2 
Ap 


the grouping preceding the brackets reduces to 


» r » r 9 


mr? — 12) {re + Po) o(1 4 re) 
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and an alternate expression for the efficiency becomes 


- 2 1,\(Rad) Ki (Ro) — Ki (Rad) 11 (Rod) 
et ae (Rad) + 1i(Rad) KAR 
o(1 +4 re) T.( Rob) Ki(Rad) + 1i(Rad) K (Roo) 


(49b) 


Equation (49b) is plotted in Fig. 8 for four values of 
the radius ratio, r,/ro. It can be observed that the 
efficiency decreases as the radius ratio increases, as might 
be expected. 

It is felt that the alternate expression of Eq (49b) has 
an advantage over the more basic expression of Eq (49) 
in that the radii have been normalized into a ratio. It 
will be seen that the radial fins that will be subsequently 
developed can be compared quite nicely through the use 
of Eq (49b). 

The form of Eq (49b) is still awkward because for 
each value of efficiency one must evaluate six different 
values of the modified Bessel functions. Harper and 
Brown have proposed a method for eliminating this 
labor by attempting to reconcile the efficiency of the 
radial fin with the efficiency of the longitudinal fin, 
both of rectangular profile. This reconciliation is made 
through the use of a correction factor. 

In Eq (49), let the radius ratio r,/r, be designated as 
p and, with b, = r, — ro, it follows that r, = b,/(1 — p) 
and r, = pb,/(1 — p). Then 


b2 — p*b2 


: me — p*)b2 
(1 — p}? 


~ (l= py 


_ Ca = ep) + pb? _ Cl + pb? 
(1 — p} (1 — p) 


(r2 — r*) =— 


These quantities may be substituted in Eq (49) to yield 


2 2b-(; = ) 
ee 


1 (mb. ) Ki (mo, £ )- Ki (mo. ! )i( mb, p ) 
is i—, Es I—p 
1,( mb. £ ) Ki (mb . ) +h (mb. L ) Ko(mo, c ) 
l—p l—p l—p l—p 


2p 


= mbA1 + p) 


n 


1,(mb.R.) K,(mb-R,) — K,(mb.R,) (mb Rs) 


T,(mb.Rs)K (mb. Ra) + 1(mb. Ra) K.(mb.R) (49¢) 


Appendix C 
The differential equation 


2 d*6 o- dé 
r 


dr — m’r*6 = 0 


dr 
has a general solution 
6 = Cl .(mr) + C.K.(mr) (b) 


with C, and C, arbitrary constants to be evaluated through 
the use of the boundary conditions. 


@ = CI .(mr.) + C:K.(mr.) (c) 
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° 
8 


Efficiency correction, 47 


is 
Curvature ratio, A= r% 
c 


Fig. 9 — Efficiency correction factors. The expression 7, is the 
efficiency of the longitudinal fin of rectangular profile. 


and 
R, = eR, 


Now recall the efficiency for the longitudinal fin of 
rectangular profile: 


_ tanh mb, 
"L mb, 


(50) 


and observe that both efficiencies given by Eqs (49c) 
and (50) are a function of mb,. The difference between 
the efficiencies may be accounted for through the use of 
a correction factor, An, so that the efficiency of the radial 
fin is given by the relationship 


n =n, — 4n 


an =1,- (51) 


The value of Ay, the correction factor, may be obtained 
by selecting values of mb, and p, the radius ratio, and 
computing » and », by Eqs (49c) and (50). Figure 9 
represents Ay as a function of », (which, in turn, is a 
function of mb.) and as a function of the radius ratio, p. 


and 
—k[C\mI,(mr,.) — CamK\(mr,)] = h.[{Cil.(mr.) + GK (mr.)) (d) 
First, evaluate C, in terms of C, by expanding Eq (d) 


above: 
—kCymI(mr,) + kRCxmK\(mr,) = h.Cl.(mr.) + h.CrK.(mr.) 
—[kmI,(mr,) + hel (mr.)|C; = (heKo(mr.) — kmK,(mr,)}C; 


_ [kmK(mr.) — h.Ko(mr,)\C2 


Ci = "Teml(mr.) + hel (mr,)] ™ 
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Use Eqs (e) and (c) to determine C,. By substitution, 
2 -(' kmK (mre) — h.K,. ‘o(mre)]- UU. (mr,) + K.(mr. 2 G, 
(kmI(mr,) + hI (mr.)] ? 


so that 


ee 6. J 
§ kmK,(mr,) — ~ h K, mre) (f) 
VL kmIi(mr.) + hel.(mr.) 1 I. srs) 4 K. (mr 
C, will then be obtained from a combination of Eqs 
(f{) and (e) 


[kmKi(mr.) — h.K Amr.) ]6. 

I,(mr,)]- 

kmK,(mr,) — he K, (mr,) . / 
( kmI(mr,) + hele (mr,) ]rocnr.) , KAmro)¢ 


ee 
, [km1,(mr,) + hel 


[kmK,(mr,) — h.KAmr, ))O0_ its 
(lamK, i(mr,) — h.K, mr.) Imre) } 
( + [kmI,(mr,) 4+ + hel (mr.)|K (mr.)§ 


(g) 


Insert Eqs (f) and (g) 
(b): 


into the general solution, Eq 


Appendix D 


The equation 


, a6 dé 
2 Tg pe 


— mre = 0 é 
de ar waaes (a) 


has a particular solution, where end heat loss is not 
considered: 


6.[Ki(mr, I.(mr) + (mr) K (mr)} 


™ “Ki(mr,) 1 mr.) + K.(mr.)1\(mr,) (b) 


The heat flowing from the faces of the fin will be 


= hS6 


=3 f * h(2ar)odr 
= 4rh f " 6rdr (c) 


The integration of Eq (c) can be accomplished by 
referring to the original differential equation, Eq (a). 


The derivative of r(d6/dr) is 


d dé d’6 . dé 
dr [r ral ~ ar dr (d) 


From Eq (a), 


Therefore, 


{ * mredr = {rE dr + : dr = f ‘$ ro lar 


. 


"e "¢ 9 | 
{ érdr = os dé = a re dé | om Bg d6 (f) 


m dr|, m2 * dr|\ pap m? ° dr | ganp 
« | e | ° 


. 
° 


But the condition of no heat loss from the edge re- 
quires that 


dé 
dr} sia 


. 


- h.K(mr,)\1 (mr) 

+ [helo (mr.) + kmI(mr,)\K, ee h) 
({kmK,(mr,) — h K (mr,)|1.(mre) ( 

? + [kmI,(mr,) + hel (mr. \K (mre) 


Divide Eq (h) by [kmK,(mr,) — h,K,(mr,)], both 


numerator and denominator: 


0, [kmK,(mr,) 


hd mr.) + kml, Sim AE ( yt 
kmK (mr, )—/ heK Amr.) |” a ) (i) 


0, jkr) + + 
g= —. 


I.(mr, y+ hel Amr.) + kml i(mr.) 


kmK (mr,) — h-K (mr, Ke id 
d.[I(mr) + 7K Amr)| 


= SE 


T.Amr.) +7K Amr.) Eq (43) 


where 


a I Amre) + Is(mnr) 


K a ae _ 


ma el 


h.I.(mr.) + kmI,(mr,) 


~ kmK (mr) — h.K.(mr,) 


as in Eq (i) above. 


so that 


r 


es 6rdr = — oo 
Jr m? dr rr, 
Substitute the derivative of Eq (b) in Eq (g) 


dé | 6.m(K (mr) 1i(mro) _ T,(mr,)Ki(mro)} 
dr =, Ki(mr,)1.(mr.) + K.(mr,)1,(mr,) 


mr erdr ro6o.m([K,(mr,)],(mr,) — I(mr,)K,(mr,)\ 
, ae 


m({K,(mr,)1.(mr.) +4 K.(mr,)I(mr,)] (h) 


° 


With Eq (h) substituted in Eq (c), 
dissipated from the faces: 


we obtain the heat 


— —4rhbor.([Ki(mr) (mr) — T,(mr.)Ki(mr,)| (i) 
= m(|K,\(mr,)1.(mr.) + Ke(mr.)1(mr,)| , 


Multiply numerator and denominator of Eq (i) by m: 


_ —4rh@omro[Ki(mr.)]i(mr.) — 1(mr.)Ki(mr.)) 
ia m*[K, (mr. 1.(mr,) + K.(mr.)]; (mr,)} 


and, with m? = 2h/kS, 


_ 2rr.dkmo[1,(mr.)Ki(mro.) — Ki(mr,)1,(mr.)] (j) 
a K, Foe (mr,) + K.(mr.)hi (mr,) J 
an expression identical with the heat flowing through 
the base under these conditions as given by Eq (45). 


Reprints 


A combined reprint of this five-part series on Ex- 
tended Surfaces for Heat Transfer will be made 
available at nominal cost upon publication of the 
concluding installment. 
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Editor's Note: Estimating the probability of an event 
and gathering and interpreting statistics is a very 
useful tool in many areas of human endeavor. To the 
modern engineer, it is invaluable. Dealing with com- 
plex systems, the design engineer must recognize the 
fallibility of his equipment. He cannot reasonably 
expect perfection from his manifold components, for 
there is a practical limit to the perfection that is 
practically attainable—at least without sacrificing 
more (in miniaturization or cost, for example) than 
such perfection would be worth. Nevertheless, he must 
be able to depend upon the reliability of his system, 
which is directly related, of course, to the reliability 
of its component parts. 

If experience has taught him that, out of 1000 trans- 
istors, 1.7 will fail during the first week of operation, 
he knows that the probability of such a failure is 
considerable. The 1.7 figure is evaluated in the same 
sense as the average American family’s having “2.3” 
children. In the example of the transistors, what is 
meant is that among ten batches of 1000 transistors 
each, there will probably be 17 transistors that will 
fail during the first week of operation. Therefore, the 
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engineer must design his system with this failure rate 
in mind, and he compensates by incorporating “spares”, 
much as the automobile manufacturer supplies a fifth 
wheel with every car. 

Obviously, it is not enough just to include 1.7 extra 
transistors for every 1000 required in a complicated 
system. There is a complex method of using the theory 
of probability and the theory of games, together with 
statistical experience, which has become a new disci- 
pline. Broadly speaking, game theory relates to esti- 
mating “enemy” capabilities and designing systems 
so as to make the enemy’s best strategy his worst. 

The fundamental principles upon which engineers 
can base such estimates are presented in this month’s 
Science & Engineering article. Although many of the 
examples of applications of probability theory and 
statistics (the treatment of empirical data by means 
of the theory of probability) are taken from games 
of chance, it should be obvious that an estimate of 
the probability of events occuring could relate to, for 
example, failure rates of components in complex sys- 
tems, life-testing programs, and to noise in communi- 
cation and control systems. —F.J.O. 
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PROBABILITY, STATISTICS and the THEORY OF GAMES 


LEONARD S. SCHWARTZ 
College of Engineering 
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The relationship of probability, statistics, and the theory 
of games is close and complex. All three are undoubtedly 
aspects of the same discipline and cannot be clearly 
separated from one another. The terms are often used 
interchangeably, which is not correct, although the lines 
cannot be clearly drawn. Statistics is an application of 
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the theory of probability, and the theory of probability 
and (to some extent) statistical theory are applied in the 
theory of games. This relationship and inseparability will 
be explained throughout this article, which—for the con- 
venience of the reader rather than the demands made 
by the subject matter—has been divided into three parts. 


I— Probability 


The theory of probability is a mathematical discipline. 
Three aspects of probability should be clearly distin- 
guished: (1) the content of the theory of probability, 
which is formal logic (2, 5)*; (2) background knowledge 
of probability, which is intuitive; and (3) the ever-increas- 
ing application of the theory in an unlimited variety of 
the different areas of science and technology. 

We must consider the entire structure of the theory of 
probability in all three aspects, for only by understand- 
ing the total structure of the theory (at least of its basic 
principles) and the relation of any of the three aspects 
to one another can we appreciate its power. (/) 

e The Formal-Logic Content. Mathematics is concerned 
purely with relations among undefined properties. For 
this reason, the game of chess illustrates mathematics. 
Chess can be defined only by a set of rules. Although 
the pieces and the board are concrete objects of a con- 
ventional shape, the essential properties of chess are the 
relation of the pieces and the rules according to which 
these pieces may be manipulated. Thus, the pieces and 
the board are only convenient symbols, just as the numbers 
we draw on paper and the paper itself are used only for 
convenience; what is important are the relations of these 
symbols to one another. In geometry, points and lines 
are necessarily undefined motions, but the postulates of 
geometry specify the relations they have to one another. 
Three points connected by three straight lines form a 
triangle, for example. If we consider two of the points 
stationary and the third to be moved at will, the lines 
connecting these points will form triangles with a variety 
of properties. But regardless of the dimensions of the 
triangles, the sum of their angles will always remain 180 
deg. And as long as we study the relation of three points 
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in a two-dimensional geometry, the sum of the angles 
of a triangle will remain the same. 

e The Intrinsic Background. The postulates of geometry 
and of mechanics (in contrast to those of chess) refer 
to an existing background known to us by intuition. 
Geometrical intuition may even be stronger than logical 
reasoning. It is undoubtedly true that some people are 
born with such intuition, and that in others it can be 
developed. And just as the novice in chess moves cautious- 
ly and recalls individual rules, whereas the experienced 
player can observe a complicated situation at a glance 
without being able to explain such intuition off-hand, the 
experienced mathematician has developed a natural feel- 
ing for abstract concepts—such as, for example, four- 
dimensional space. The collective intuition of mankind is 
thought by some scientists to develop similarly as the total 
body of knowledge and experience grows.* 

Every new idea must struggle for acceptance. Newton’s 
fantastically imaginative concepts of a field of force, for 
example, were for a long time considered “impossible,” 
“contrary to all common sense,” and even “contrary to 
impression.” Yet most of Newton’s ideas now have become 
so universally accepted that his “strange notions” have 
become part of our usual vocabulary. And for decades 
scientists have struggled to substitute some of the con- 
cepts of modern physics for the commonly accepted con- 
cepts of Newtonian physics. 

The theory of probability has had to struggle against 
similar prejudices, although we have almost forgotten 
them and take newspaper reports of samples of public 
opinion for granted and accept the use of statistics in all 
disciplines. We accept as quite natural and know “intui- 
tively” what is meant by a three-to-five chance. We may 
not really understand such a phrase, but we know—again, 
“intuitively,” i.e., without being able to explain it—that 
a three-to-five chance is better than a two-to-four chance. 
And, for each one of us, intuition in this science will 
develop as we gain experience with more sophisticated 
applications. 

e Applications. The theory of probability is nowadays 
applied to many diverse fields. This has inevitably re- 
sulted in the development of terminology that is more 
closely related to the particular sphere of interest to which 
the theory of probability is being applied than seems 
desirable. Such terminology has two grave disadvantages: 
it relates a scientific theory too closely to one technology 
and, because the terminology is strange to other scientific 
disciplines and technologies, potentially vital applications 
might be overlooked. 

*1I am inclined to believe that there is really no such thing as “collective 
knowledge”” and “‘collective intuition.”” Knowledge, intuition, imagination 


and all creative thinking are individual processes that can happen only in 
the lonely mind of one unique, individual human being A.M.H 
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Purpose of the Theory of Probability 


It would be no more sensible to attempt to explain the 
“meaning” of probability than it would be to explain the 
“meaning” of mass and energy or to discuss the nature 
of a point. We need be concerned only with the proof 
and consistency of theorems and find a guidepost to 
potential applications. The theory of probability is not 
particularly concerned with describing the very limited 
experience of the actual events in games of chance. The 
major effort, rather, is directed toward calculating what 
might happen when given relationships exist and certain 
rules are adopted. 

Let us bear in mind that a configuration of numerical 
values is not the principal objective of the theory of 
probability. Its primary aim, rather, is the discovery of 
general patterns, or laws, and the construction of satis- 
factory mathematical models. A general pattern can be 
found and mathematical models constructed without any 
consideration of the physical properties of the compon- 
ents of the system under consideration. The motion of 
the planets and their relation to one another can be 
discussed without knowledge of the detailed composition 
of the planets and without any regard for their actual 
physical properties. Even a non-existent (as far as our 
knowledge-by-observation is concerned) planetary system 
may be studied in a positive and constructive manner. 
Similarly, practical and useful probability models may 
be constructed of a non-observable universe. The telephone 
company, for example, has built automatic telephone ex- 
changes costing billions of dollars, on the basis of prob- 
ability models, which served to compare various possible 
systems. Of course, the system that was built was the 
one which, according to the mathematical model, was 
the best. None of the others will ever exist other than as 
mathematical models. Probability theory is applied in the 
insurance business to calculate the probability of accidents 
and to avoid a rate structure which would be undesirable. 
Again, the probability theory is applied to situations which 
are not actually observed. 

The theory of probability would be effective and useful 
even without the use of a single number. We think of 
probability in terms of indefinite statements, such as “Carl 
is probably a happy man,” or “This article will probably 
be published.” Such statements are judgments based not 
upon inductive reasoning, but a combination of deductive 
reasoning and reasonably wide experience, which is some- 
times called judgment. Careful judgment is not only in 
the domain of philosophers, but of legitimate concern to 
logicians and mathematicians. We are concerned however, 
not with methods of reasoning, but with statistical prob- 
ability. Actually, such probabilities do not refer entirely 
to “judgment,” but to the possible outcome of a conceptual 
experiment. Before we discuss probabilities, we must agree 
upon an idealized model of a particular conceptual experi- 
ment, such as the toss of a coin, observation of a particle 
under diffusion, or counting the number of telephone 
calls. We must agree, at the outset, on the possible out- 
comes of this experiment (which is our sample space) 
and the probabilities associated with them. It is important 
that, when we analyze coin-tossing, for example, we are 
not concerned with the accidental circumstances of an 
actual experiment, but with sequences (or arrangements) 
of symbols, such as (in our example) the sequence of 
tossing heads or tails. 

It has been claimed that the modern theory of prob- 
ability is too abstract and too general to be useful. This 
battle cry of practical men is as old as humanity. It was 
probably (!) raised by cavemen against the dreamer who 
wondered why the river flooded the berry patches peri- 
odically and thus arrived at a theory of seasonal changes. It 
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was raised by the same practical men against Maxwell’s 
field theory and Boole’s algebra. One could, of course, 
argue with “practical” men and point out the unexpected 
new applications opened by the abstract theory of stochas- 
tic processes, or to the eminently practical applications 
of Boole’s mathematical “games.” But it is of little use 
to argue with “practical” men. One should discuss abstract 
concepts only with imaginative human beings. Through- 
out the history of the world, what is “practical” today 
was decried as an “impractical dream” only yesterday, 
and the theories which will be “practical” tomorrow, and 
widely used, are branded as “useless intellectual pastimes” 
by the “practical” men of today. 


The Sample Space 


The statistical, or empirical, attitude toward probability 
has been developed mainly by R. A. Fisher and R. von 
Mises. Von Mises’ concept of sample space made it pos- 
sible to build up a strictly mathematical theory of prob- 
ability based on measure theory. (3) This approach emerged 
gradually in the nineteen-twenties. The modern mathe- 
matical theory of probability gained practical and intuitive 
meaning in connection with real or conceptual experi- 
ments such as tossing a coin once, tossing a coin a hundred 
times, throwing three dice, arranging a deck of cards, 
matching two decks of cards, playing roulette, observing 
the life span of a radioactive atom or a person, collecting 
a random sample of people and observing the number of 
left-handers in it, crossing two species of plants and ob- 
serving the phenotypes of the offspring, or phenomena 
such as the sex of a new-born baby, the number of busy 
trunk lines in a telephone exchange, the number of calls 
on a telephone, random noise in an electrical communica- 
tion system, routine quality control of a production 
process, frequency of accidents, the number of double 
stars in a region of the skies, the position of a particle 
under diffusion. All these descriptions are vague, and in 
order to render the theory meaningful, we have to agree 
upon what we mean by “possible results of the experiment 
or observation” in question. We know, for example, that 
when a coin is tossed it does not necessarily fall heads or 
tails. It can roll away or stand on its edge. Nevertheless, 
we shall agree to regard heads and tails as the only pos- 
sible outcomes of the experiment, because this conven- 
tion simplifies the theory without affecting its applicability. 
This, in a way, is an idealization; but it is necessary for 
idealizations of this type to be adopted, and they have 
become standard practice. Although it is impossible to 
measure the life span of an atom or a person without 
some error, it is (for theoretical purposes) expedient to 
imagine that these quantities are exact. The consequence 
of this expedient, however, is which quantity actually 
represents the life span of a person, for example. Is there 
a maximum (age) quantity beyond which life is impossible, 
or is any age conceivable? Our common sense makes it 
difficult to admit that a human being can live 1,000 years. 
Yet, current actuarial practice does not recognize a limit 
to the possible duration of life, and estimates the propor- 
tion of men reaching 1,000 years of age as 1 in 10°, 
a number with 10°' billions of zeros. Such a _ propor- 
tion is not really meaningful from a biological or socio- 
logical point of view. From a statistical point of view, 
however, such an estimate does not contradict experience, 
because, since fewer than 10'° people are born in a 
century, it would take more than 10° centuries—or 
considerably more than 10° lifetimes of the earth—to 
test the estimate statistically. Such an extremely small 
probability is practically equivalent to the popular notion 
of impossibility. And biologically or sociologically absurd 
as it may seem, this concept of an extremely small prob- 
ability, rather than an impossibility, is a convenient 
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method of simplifying mathematical formulae. Even more 
important, if the possibility of reaching such an advanced 
age were categorically denied, the existence of a definite 
maximum age would have to be considered. The assump- 
tion that a human being can live x years, but that it is 
impossible for him to live x years plus one second is at 
least as preposterous as the notion of an unlimited life 
span. 

To clarify our terminology, we shall call the results 
of the experiments or observations events. For example, 
we may cite the event of five coins being tossed with 
more than three falling “heads up.” Similarly, distributing 
the cards in a game of Bridge may result in the event 
that North has two aces. In other words, a composition 
of a sample and the result of a measurement is an event. 
There are compound events and simple events. Com- 
pound events are decomposable; simple events are not. 
For example, a throw with two dice may result in the 
event “sum six,” which means that the throw resulted in 
five simple events—namely, the decomposition of the event 
“sum six” into (1,5) or (2,4) or (3,3) or (4,2) or (5,1). 
A throw of (3,3) is equivalent to “sum six” and “two 
odd faces.” The events (3,3), “sum six,” and “two odd 
faces” are not mutually exclusive—i.e., they may occur 
simultaneously. Since every compound event can be de- 
composed into simple events, it is an aggregate of certain 
simple events. To discuss experiments or observations 
theoretically and without ambiguity, it is imperative to 
agree upon the simple events that may represent the 
conceivable outcome. To define the idealized experiment, 
these simple events are usually referred to as sample 
points, or points. By definition, every decomposable point 
of the (idealized) experiment is represented by one, and 
only one, sample point. The aggregate of all sample points 
is the sample space. Thus, all events connected with the 
given (idealized) experiment can be described in terms 
of sample points. (/) 


Permutations* (2, 4) 


A permutation is a rearrangement of the elements of a 
group, a class, or a set. The number of permutations 
possible in a group is the number of different arrangements 
of the elements possible. Considering a very primitive 
alphabet composed of three letters a, b, and c, we can 
determine the different horizontal arrangements that are 
possible—namely, abc, ach, bac, bca, cab, and cba. In 
other words, there are six permutations possible for this 
three-term group. 

In an alphabet group consisting of four letters—namely, 
a, b, c,, and d—we find the number of possible permutations 
considerably increased. They are: 

. The following presentation of permutations is taken from Logic and Com- 
puting Machines, Alice Mary Hilton, to be published by The Macmillan 


Company, New York, in 1961, and is given here by permission of the 
author and publisher 
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abed bacd cabd dabe 
acdb beda chda dbca 
adbc bdac cedab dcab 
abdc bade cadb dach 
adch bdca cdba dcba 
acbd bead chad dbac 


There are 24 permutations possible for a four-term group. 

The number of permutations is found by means of the 
following reasoning. If one thing can be done in m ways 
(which would correspond to the first row of the example 
above) and if a second thing can be done in n ways, then 
the two things can be done in mn ways. According to this 
principle, two letters (a and 5) can be arranged in two 
ways (first time), but afterwards there will be only one 
letter left, and that can only be arranged in one way. 
Thus m = 2, and n = 1; therefore, mm = 2° 1 = 2. 

In our first example we had three letters, which can 
thus be arranged in mno ways, where m = 3, n = 2, and 
o = 1. Therefore, the possible permutations are 3 * 2+ 1 = 
3! = 6. By the same method, the possible permutations 
of four letters will be 4! = 4+ 3+ 2+ 1 = 24. In general, 
the number of permutations of n terms all taken every 
time, or nm terms taken n at a time, equal the factorial, n! 
This can be symbolized by ,P, = n! Thus, ,P, = 4! 

If, however, we take only two letters for each permu- 
tation, we have four ways to arrange a letter for the first 
place, but only three ways to arrange a letter for the 
second place, namely: 


ab ba da 
ac be db 
ad bd de 


Thus, we can write 
sP2 = 1 -3= 12 
Generally, we can say that 


,P, =n(n — 1)- (n — 2) +--+ tor factors 
=n(n 1) - (nm — 2)-++++Q—rt+]) 


Permutations have found many practical applications; 
one example is the application in modern language trans- 
lation. If we consider an English word instead of the 
four-letter alphabet (for example, the word “love”), we 
know that the number of possible permutations of the 
letters composing the word is 4! For the six-letter word 
“friend,” the number of possible permutations is 6! = 720. 
(See the tabulation of factorials up to 11 in Table I). 
However, considering the four-letter word “food,” we 
find that interchanging the second and third letter does 
not make any difference in the spelling of the word. If 
we call the first letter “‘o” in the word “food” n,, we can 
see that the number of essentially distinct permutations 
has changed by 2! in each arrangement of the 4 = n 
letters of the word. Thus, the number of permutations of 
the word “food” is 4!/2! = 24/2 = 12. 

The word “control,” consisting of seven letters, 2 of 
which are alike, has, by the same method, 


= = = 2520 
n! 2! 2 


n! 7! 5040 
» 


where n = 7 and n, = 2 distinct permutations. If, how- 
ever, a word contains two different letters, each of which 
occurs twice, we must consider that both n, (the first 
letter being duplicated) and n, (the second letter being 
duplicated) will diminish the number of distinct permu- 
tations. For example, in the word “deed” there are n = 4 
letters, where “d” = n, and “e” = n,. Thus, the number 
of possible permutations is 
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where n = 4, n, 2, and n, = 2. Generalizing, we can 
now determine the number of possible permutations as 


n! 
> = 
P= “_* 


my! ne! ns! 


Vigi **° 
lake the word “Mississippi” as one more example. Among 
the elements n = 11, the letter “i” (n,) appears four times; 


the letter “s” (n.) occurs 4 times; and the letter “p 
(n.) occurs twice. Therefore, 


n! 11! 


P ssuntento 
oe m! ne! ns! 4!4!2! 


39.916, 800 
24-24-2 
34,650 


Combinations* (2, 4) 


A combination is a group of elements, comparable to 
a class or a set. We need not, at this time, be concerned 
with the order of arrangements within the combination 
(which is not determined thereby), but only with the 
elements that are included as members. The combination 
of r (number of) members out of m (number of) elements 
may be designated ,C,, which can be defined verbally 
as “the number of combinations of n elements taken r 
at a time. It is quite simple to find the value of ,C,. for 
small values of n by listing all the possible combinations. 
For example, we can find the value of ,C,, by listing the 
different ways three letters can be selected from the four 
letters a, b, c, and d, to find that there are four possible 
combinations, namely: abc, abd, acd, and bcd. Thus, we 
find the value of ,C., to be 4. The value of ,C, n, and 
the value of ,C, = 1. 

It is quite possible to find the value of any ,,C, for any 
given value of nm and r. However, where these values are 
large, this would be a cumbersome process. But it is 
simple to find the relation between ,C, where ,P, stands 
for the permutation of n elements taken r at a time. We 
say that ,P, equals the n factorial, n!, and that n! = 
(n 1)!n. We find that whatever the value of n and r, 


n 


and therefore, 


and 


- to r factors 


n(n 1) -(n 2): -: -(n r+ 1) 


r! 


nCy 


By the total combinations of nm elements, we mean 


Cc 0 + pC) + Co +--+ +,€ + ,C 


and accordingly, ,,C 2" means 2+ 2* 2° += n factors, 
because, considering the n elements and trying to estimate 
how a combination can be selected from them, we find 
that we can either select or reject the first element, so 
that there are two possibilities. Thereafter, we can either 
select or reject the second element, so that there are two 
possibilities again, etc. Since there are n elements, there 
are 2*2:+* 2° ++ am” factors and therefore, ,C = 2". 

This can be proved by the binomial formula as follows: 
Noting the coefficients of the terms, we may write 


* The following presentation of combinations is taken from Logic and 
Computing Machines, Alice Mary Hilton, to be published by the Macmillan 
Company, New York, in 1961, and is given here by permission of the 
author and publisher 
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(a + b)” 
If we assume that a = b = 1 in this expansion, the result 1s 


(i + 1)" = 2 
nCo + nCi + nO2 + °°: 


nCoa" + ,C, a" b+ ,C,ae?B + --- + .C, 


Probability 


In conversation, the probability of an event means 
simply the likelihood that it will occur. Mathematical 
probability, however, defines the exact measurements of 
this likelihood by finding values from 0 to 1. Anything 
that is neither possible nor absolutely certain has a prob- 
ability value that falls somewhere between 0 and |. The 
probability of throwing a 9 with one six-faced die, for 
example, is 0. In other words, it simply cannot be done. 
On the other hand, the probability that any number in 
the range from 1 to 6 is thrown is 1, since this cannot 
fail to happen, assuming ordinary conditions under which 
some face must come up. Thus, the probability of throw- 
ing a 3 is somewhere between 0 and 1. Since the die can 
come up in 6 different ways, the probability of throwing 
a 3 is 1 out of 6 possibilities. Thus, there is one way in 
which the event of throwing a 3 can happen, and 5 ways 
in which it can fail to happen, and any one of these 6 
ways are equally likely to happen. 

If an event can happen in A ways and fail in / ways, 
which are all equally likely, then the probability that 
it will happen, p, is given by p = h/(h f) and the 
probability that it will fail, g, is given by q = f/(h + f). 
Since it is true that the event must either happen or fail, 
it is clear that p + q = 1. Thus, the probability of throw- 
ing a 3 with a six-face die is 1/(1 + 5) 1/6, and the 
probability of not throwing a 3 is 1 — 1/6 = 5/6. (2, 4) 

e The Probability of Mutually Exclusive Events. Two 
or more events that cannot possibly happen under some 
specified conditions at the same time are mutually ex- 
clusive. If a coin is tossed once, the event of its landing 
“heads up” and the event of its landing “tails up” simul- 
taneously are mutually exclusive. If one card is to be 
drawn from a pack, the event of drawing both a Queen 
and an Ace to complete a Royal Flush are mutually 
exclusive events. (However, if one card is drawn from 
a pack, the event of drawing an Ace and drawing a Heart 
are not mutually exclusive.) This leads to the theory 
that the probability that one or the other of two mutually 
exclusive events will happen is the sum of their separate 
probabilities. Assuming that 


p = probability that either the first or the second of two 
events happens 
p,= probability that the first event happens 
- probability that the second event happens 
number of ways either event can happen or fail 
number of ways either event can happen 
= number of ways the first event can happen 
number of ways the second event can happen 
number of ways either event can fail 
- number of ways the first event can fail 
number of ways the second event can fail 


Then, h = h 
exclusive, 


, + h,. Because these events are mutually 


p T p 


e The Probability of Independent Events. Events that 
cannot affect one another in any way are called inde- 
pendent events. The probability of throwing a 3 is the 
same with every throw of the die, and to believe that 
this probability is in any way affected by the preceding 


105 





Table Ii—Experiment: Three Players (a, b, c) 
and Three Cards (a, 8, y) 


11 
12 
13 
14 


Event A (one player receives more than one card): 1—21. 
Event B (player a holds at least one card): 1, 4-15, 22-27. 
Event C (player a holds at least one card and one player re- 
ceives more than one card; i.e., events A and B): 1, 4-15. 
Event D (one player receives more than one card, or player a 
holds at least one card, or both events happen; f.e., event A 
or event B or both): all (probability 1). 

Event E (no player is without cards and player a holds at least 
one card; i.e., event A is excluded): 22-27. 

Event F (one player receives more than one card and no player 
is without cards): none (probability = 0). 


throws is to commit the “gambler’s fallacy.” The theorem 


for the probability of independent events states that the 
probability that both of two independent events will hap- 
pen is the product of the probabilities that each of them 


will happen separately. The proof of this theorem is 
similar to the proof of the theorem for the probability 
of mutually exclusive events. The theorem may be applied 
to any number of events. (2, 4) 

e The Probability of Dependent Events. lf the prob- 
ability of the occurrence of event A, called p, affects 
the probability of the occurrence of event B, called p., 
then p. is said to be dependent upon p,. The probability 
of the occurrence of event A being followed by the oc- 
currence of event B is the product of p, and p.. For ex- 
ample, the probability of drawing a Jack of Hearts fol- 
lowed by drawing a Queen of Hearts from a 52-card deck 
is (1/52) + (1/51). The proof of this theorem is similar 
to the proof of the theorem for the probability of mutually 
exclusive events. The theorem may be applied to any 
number of events. (2, 4) 

e The Distribution of Three Cards Among Three 
Players. Assume a game consisting of three different cards, 
a, B, and y, distributed among three different players, 
a, b, and c. Table II shows all possible combinations of 
what we shall call the “experiment”’—namely, of dis- 
tributing three cards among three players. Each of the 
possible arrangements, of course, is a simple event, or a 
sample point. The rules permit a player to receive more 
than one card and, therefore, the rules must also permit 
the situation of a player receiving no cards at all. We 
shall call arrangements 1 through 21 event A, and say 
that the event, A, is the aggregate of sample points 1 
through 21. The event that the first player, a, holds at 
least one card, which we can call event B, is the aggregate 
of sample points 1, 4 through 15, and 22 through 27. 
We can define, as event C, that both events A and B 
occur, which is the aggregate of the sample points 1 and 
4 through 15. It is also possible that event A or event B 
(or both) occur—which is event D. This covers the entire 
sample space and occurs with absolute certainty, or a 
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probability of 1; i.e., it contains all 27 sample points. We 
may designate as event E that event which excludes 
event A. This consists of sample points 22 through 27 
and can be described as the event of no player being 
without cards. It is impossible for one player not to have 
a card and (at the same time) for no player to have 
two cards; therefore, there are no sample points to satisfy 
this specification, and the probability of this event, F, 
is 0. (7) 

To generalize, we can designate the number of cards 
r and the number of players n, and study the distribution 
or r cards among n players. Obviously, the number of 
arrangements possible will increase rapidly as r and n 
increase. For example, the sample space for r 3 cards 
among n = 4 players contains 64 points. For r= n = 10 
there are 10'® sample points, and the complete tabulation 
would require several hundred thousand volumes. 

The concrete nature of sample points is irrelevant to 
this theory. The use of sample space, together with the 
probability distribution defined therein, applies to an 
idealized experiment. Cards and players are one possible 
interpretation among an unlimited number of possible 
interpretations. The physical nature, which we might also 
call the intuitive background, may vary since it is merely 
an interpretation of the abstraction describing the relation- 
ship of r and n, which remains the same unless we wish 
to change the rules. For this reason, the probability dis- 
tribution may be applied to an infinite variety of practical 
situations. We may want to know the distribution of 
birthdays (the “players,” where n 365 except for leap 
years) among r people (the cards). Accidents can be 
classified similarly, where the number of accidents, r (the 
cards), are distributed among n 7 days (the players). 
Among n targets (the players), the r bits would correspond 
to the players. A group of r people may be classified 
according to their age, their sex, their profession; all 
these classifications play the role of the players; the 
people, of course, correspond to the cards. Radiation may 
be estimated in accordance with this theory; in cosmic- 
ray experiments, the particles hitting Geiger counters 
represent the cards, the counters the players. An elevator 
may start with r passengers and stop at n floors; the 
different arrangement of discharging passengers corre- 
sponds to the different distribution of r cards among n 
players. The possible orderings of a sequence of r digits 
can correspond to the distribution of r cards among 
n 10 players—namely, the digits 0, 1, 2, 3, 4, 5, 6, 7, 8, 
and 9. The sex distribution among r persons corresponds 
to n 2 players and r cards. In genetics, the theory 
has found application in the configuration of the gene 
distribution. In chemistry, it has been applied to the 
reaction of a long chain of polymers. Application of the 
theory has ranged from configurations of photographic 
emulsion to the possible distribution of misprints. Many 
other examples could be cited. To the electrical engineer, 
the theory is becoming of ever-increasing importance in 
circuit design. For example, ever since the idea of design- 
ing complex equipment with redundant components has 
gained acceptance, the distribution of possible failure has 
been significant. (/) 

If an arbitrary, but fixed, sample space, S, is given, 
we may use the notation A = O to express the idea that 
the event A contains no sample points and that, therefore, 
the probability of its occurrence is 0. To every event, 
another event corresponds, which is defined by the con- 
dition that A does not occur. This second event contains 
all points not considered in A. Thus, the event corre- 
sponding to A or complementing A (where the prob- 
ability of A 0) covers all sample points and the 
probability of its occurrence is, therefore, 1. We _ shall 
denote the complementary event (or negation) of A as 
A’, or A. (2, 4, 5) 

With any two events, A and B, we can associate two 
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new events defined by the condition (1) that both A 
and B occur (A + B); or (2) that either A or B, or 
both, occur (A + B). The event A «+ B contains all 
sample points common to A and B; wherever A and B 
exclude each other, there are no points common to A 
and B and the event A + B is impossible. Analytically, 
this situation is described by the equation 


1-B=0 (1) 


which means that A and B are mutually exclusive.* In 
the theory of probability, we may describe the event 
4 + B as the simultaneous occurrence of A and B. 
Mathematically, this is called the logical intersection of 
{ and B. Similarly, A + B is called the logical union of 
A and B. Needless to say, this idea may be applied to 
the events A, B, C, D A simple demonstration of 
these relationships is shown in Fig. 1. If we illustrate the 
event A by diagonal lines, the event B by horizontal lines, 
and the event C by vertical lines, we can (by examination) 
determine the same proportion where all three circles 
have a common domain which is shaded by diagonal, 
horizontal, and vertical lines. This, of course, is the 
intersection A + B + C. The intersection A + B is the area 
containing both diagonal and horizontal lines, the inter- 
section A + C is the area containing diagonal and vertical 
lines, and the intersection B + C is the area containing 
horizontal and vertical lines. The domain of the union, 
4 + B + C, is any area that is shaded at all, which is 
denoted in Fig. 1 by heavy boundaries. To relate this 
diagram to our probability of events, we may say that 
for every collection (i.e., the logical class or mathematical 
set) of events A, B, and C we may define two new 
events as follows: (1) the aggregate of the sample points 
which belong to al/ the given sets, denoted A + B + C and 
called the intersection (or simultaneous realization) of 


events A, B, and C; and (2) the aggregate of sample 


points which belong to at least one of the given sets, 
denoted A + B + C and called the union (or realization 
of at least one) of the given events. The events A, B, and 
C are mutually exclusive if no two of them have a sample 
point in common; in other words, if A» B = 0, A+>C = 0, 
and, therefore, B + C 0. 

Let us cite an example taken from the game of Bridge. 
A deck of Bridge cards consists of 52 cards arranged in 
four suits (spades and clubs, which are black, and hearts 
and diamonds, which are red), each of which contains 
a series of thirteen cards, 2, 3, 4, 5, 6, 7, 8, 9, 10, Jack, 
Queen, King, and Ace. All cards with the same face 
value are called of the same kind. The rules of playing 
Bridge involve the distribution of all 52 cards among four 
players, called North, South, East, and West. 

We may designate the events that North, South, East, 
and West have at least one ace as A, B, C, and D, 
respectively. It is clear that at least one player must have 
an ace, and therefore one or more of the four events 
must occur. Hence, A + B + C + D =§8; in other words, 
these events cover the entire sample space. The events A 
and .B and C and D occur if, and only if, each player 
has an ace (A + B+ C+ D). The event “West has all four 
Aces” means that none of the three events A, B, C has 
occurred. This is to express the simultaneous non-occur- 
rence of A_and B and C with the occurrence of D, or the 
event A> B?C-D. 

The simplest sample spaces are those containing only 
a finite number, n, of points. If n is fairly small (for 
example, in the case of tossing a few coins), it is easy 
enough to visualize the sample space. The space of distri- 
butions of the 52 cards in Bridge is much more compli- 
cated. However, we could imagine each sample point 
being represented by a card and then consider the col- 
* The following events are derivations of Boolean algebra. A chart of all 
notations of the laws of Boolean algebra was contained in the April issue 
of ELFCTRICAL MANUFACTURING in “‘Logic—and Switching Circuits,’’ pp 134-137. 


\ revrint of this chart is available by circling No. 947 on the Reader Inquiry 
Card in this issue 
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Fig. 1—Relationships of probability of events. 


lection of cards as representing the sample space. An 
event A, such as “North has Two Aces,” is represented 
by a certain set of cards and the complement, A, by the 
remaining cards. Not every sample space is discrete (i.e., 
contains a finite number of points). The sample space 
consisting of all positive numbers, for example, is not 
discrete, as pointed out by G. Cantor.(/) This distinction 
is quite commonly made in mechanics, where discrete 
mass points, with each individual point carrying a finite 
mass, are considered. From this, the concept of a con- 
tinuous-mass distribution where each individual point has 
zero mass is derived. In a system composed of a discrete 
number of mass points, the mass of the system is com- 
puted simply by adding the masses of the individual points. 
But in a continuous-mass system, the mass is computed 
by integration over mass densities. Similarly, the prob- 
ability of events in a finite-sample-point space is computed 
by mere addition, whereas in an_ infinite-sample-point 
space, integrations are necessary. In this article, we shall 
limit our discussion to discrete sample spaces—i.e., sample 
spaces containing a finite number of sample points. 


Random Variables 


According to a widely used definition, the quantity y 
is called a function of the real number x, if to every x 
there corresponds a value y. This definition may be ex- 
tended to cases where the independent variable is not a 
real number. Thus, we call distance a function of a pair 
of points; the perimeter of a triangle is a function defined 
by the set of triangles; the sequence A, is a function 
defined for all possible integers. The binomial coefficient 
(z) is a function defined for a pair of numbers (x,k) of 
which the second is a non-negative integer.(6) The func- 
tion defined in the sample space is called a random 
variable. Typical random variables are the number of 
aces in a hand of Bridge, the multiple birthdays in a 
company of n people, and similar examples. There is a 
unique rule which associates a number X with any sample 
point. The classical theory of probability was devoted 
mainly to a study of the gambler’s game, which is again 
a random variable; in fact, every random variable can 
be interpreted as a game of a real or imaginary gambler 
in a suitable game. In the case of a discrete sample space, 
we can actually tabulate any random variable for X by 
enumerating in some order all points of the space and 
associating with each a corresponding value of X. The 
term “random variable” is somewhat confusing; random 
function would be more appropriate, since the independent 
variable is a point in the sample space—i.e., the outcome 
of an experiment. If X is a random variable and x,, x., 

will be the values assumed by X, then most of the 
following x,’s will be integers. The aggregate of all sam- 
ple points in which X assumes the fixed value of x; forms 
the event that X x;, if probability is denoted by 
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P {xX x,;}.* The function 
PiX = z;} f(r;) ( 5.2, ) (2) 


is called the probability distribution of the random vari- 
able X.+ Clearly, then, f(x;) 0, and 


Bf(z;) = 1 (3) 


Consider the two random variables, X and Y, defined in 
the same sample space, and denote the values which they 
assume by x,, X., .... and y,, y respectively. If 
the corresponding probability distributions are 


f(r} and jgly)! 


then the aggregate of points in which the two conditions 
X xr, and Y y, are satisfied forms an event, whose 
probability will be denoted by 


Pix =7z;, Y 
The function 


Pix I oa \ pr; ve) (j.k i oS: ) (4) 


is called the joined probability distribution of X and Y. 
It is best exhibited in the form of a double-entry table. 
Clearly, then, 


> PG Ve) (5) 


k 


pu, ) ) 


Moreover, for every fixed j, 


pr; Mi) + prj .¥2) pr; .¥s) f(r,) (6) 


and for every fixed k, 


pt Vi) + pte. Ve) + p(os.¥u) 4 P\Y Vv g(yx) (7) 


In other words, by adding the probabilities in individual 
rows and columns, we obtain the probability distribution 
of X and Y, also called marginal distributions. 

As an example, let us again look at our three cards 
distributed among three players and the sample space of 
27 points shown in Table II. The probability of 1/27 may 
be assigned to each point. Let N denote the number of 
players who have cards, and for each player, i iS asta, 
let X; denote the number of cards held by the player, i 
Formally. then, N is the function assuming the value 1 of 
sample points | to 3, the value 2 on points 4 to 21, and 
the value 3 on points 22 to 27. Accordingly, the prob- 
ability distribution of N is defined by 


P'!N l 1/9, P(N 2 2/3, P{N 3 2/9 


The joint distribution of (N,x,) and of X,, Y. is given 
in Table II. (7) 

An improper, or defective, random variable is one in 
which the probability does not assume a numerical value. 
By definition of recurrent events, the probability that an 
event occurred for the first time at a trial k and for the 
second time at a trial n equals f;,f, Therefore, the 
probability /,‘°) that the event « occurs for the second 
time with the nth trial equals 


f f, r i. r j 8 6 aie, fi" (8) 


This simple fact is expressed in the following theorem: 
Assume f, to be the probability that the rth occurrence 
of « takes place in the nth trial. Then | f,,(”) | is the prob- 


n 


* In the standard mathematical terminology, the set of points x;, Xx». ‘ 
should be called the range of X. Unfortunately, the statistical literature uses 
the term ‘“‘range”’’ for the difference between the maximum and the minimum 


of X 


For a discrete variable, X. the probability distribution is the function 
Fix,) defined on the aggregate of values x; assumed by X. This term must 
be distinguished from the term distribution function, which applies to non- 
decreasing functions which tend to become 0 as x-——e@and | as x44 
The distribution function F(x) of X is defined by 


Fir Pi xX< +r! 
fe 
e,<* 


i.e., the last sum extending over all those x;’s which do not exceed x. Thus, 
the distribution function of a variable can be calculated from its probability 
distribution, and vice versa 
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ability distribution of the sum 
T =7T,+T.+.---+T, 
independent variables each having a distribution 
P{T =n (10) 


probability that « will occur at least r times equals 
. or F'(s), which may be expressed as 


eo 
\ f, Fl) =f 


a fact which could have been anticipated. 

A recurrent event, «, is called persistent if f 1, and 
transient if f < 1. For a transient e, the probability that 
it Occurs more than r times tends toward 0, whereas for 
a persistent e, this probability remains 1. This can be 
described by saying that, with a probability of 1, a per- 
sistent « is bound to occur infinitely often, whereas a 
transient « occurs only a finite number of times. 

The recurrent event « is called periodic if there exists 
an integer, A 1, of such a nature that « can occur only 
at trials A, 2A, 3A, ... (i.e, u, Q whenever 7 is not 
divisible by \). The greatest \ with this property is called 
the period of e. 

Consider an electric lightbulb, a fuse, or any piece of 
equipment with a finite life span. We know that it is 
replaced, as soon as it fails, by a new item, which in due 
time is replaced by a third, and so on. We assume that 
the life span is finite, then Xf, 1, and the recurrent 
over multiples of the unit of time interval (year, day, 
or second). Each time unit then represents a trial with 
the possible outcomes “replacement” and “no replace- 
ment.” The successive replacements may be treated as 
recurrent events. If the probability is f, that a new piece 
will serve for exactly n time units, then | f, | is the dis- 
tribution of the recurrence times. When it is certain that 
the life span is finite, then <f, 1, and the recurrent 
event is persistent. Usually it is known that the life span 
cannot exceed a fixed number m, in which case the gen- 
erating function F/(s) is a polynomial of a degree not 
exceeding m. In application, we desire the probability u, 
that replacement take place at time n. This u,, may be 
calculated from 


u fia + fou | + fu (12) 


We now have a class of recurrent events defined solely 
in terms of an arbitrary distribution {f,,!. The case f < | 
is not excluded, since | f is the probability of an eternal 
life for a piece of equipment (namely, a light bulb in 
our example).(/) 

Random variables are a convenient method for the 
description of the Markov chains by the simple device of 
replacing the symbol E;, by the integer k. The state of the 
system at a time n is a random variable X() which as- 
sumes the value k with the probability a"; the joint 
distribution of X(™ and X("*!) is given by 

P{X™ = j, Xe = k} 


= a; pj, 


The joint distribution of X‘, . , X™ is given by 


P{(E;,. Ej,. .... Ej.) = @jPigi,P) Pi, ofe:Pin ai, (13) 


[he Markov process encompasses a very large and important 
class of stochastic processes with both discrete- and continuous- 
time parameters. The Markov chains are obviously Markov 
processes, but they have the following additional properties 
not implied by the definition. For the Markov chains, the 
transition probability p;, P{X(m+1) = k\X(m) = | are 
independent of m, and the more general transition probability 


Pp; (n — m) = P{X(n) = k! X(m) it (m < n) (14) 
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then depends only upon the difference of n m. We see in 
this case that the transition probabilities are stationary (or 
constant). For a general integral value of Markov chains, the 
right side of Eq (14) depends upon m and n, and we shall 
denote it by p;,(m, n), so that p;,(n, n+1) is the one-step 
transition probability of time n. Instead of Eq (13), we now 
get for the probability of the past j,, j,,..., j, the expression 
a; (O)p; 5. Ip; jl. 2) P;,_,i, An 1, n) 
si 


fo generalize, then, we can find the identity 


\ Pym, r) per, n) (15) 


oe 
v 


pj Cm, n) 


which is valid for all r with m < r < n. This identity follows 
directly from the division of a Markov process and also from 
the expression shown above. Equation (15) is called a Chap- 
man-Kolmogorov equation. (1,3) 


The Distribution Function 

Having previously discussed the distribution of the 
random variable, e, we shall summarize the various pos- 
sible distribution functions, namely: marginal distribution, 
joint-probability distribution, and conditional distribution. 

A random variable, x, is a function defined in a given 
sample space; i.e., the assignment of a real number to 
each sample point. The probability distribution of x is 
the function defined as P {X = x;}= f(x;), where j iS 
2, ..... If two random variables, x and y, are defined in 
the same sample space, their joint distribution is given by 
P{X Xi Ee 2; |} p(x;,y;,), where j,k Peak 6 lane 
Probabilities are assigned to all combinations (x;,y;,) of 
values assumed by X and Y. This notion carries over in 
an obvious manner to any finite set of variables x, y 
w defined in the same sample space. These variables are 
called mutually independent if, for any combination of 
values (x, y w) assumed by them, 


P\xX z, Vv, Ww w} 
Pi\x riP\y 


The function defined by 


o(r) (17) 


(2x)! " 


is called the known events of the function and its integral 


or) - 5 . | e (buddy (18) 


(2r 


is the normal distribution function. 


Cenditional Probability 


[he notion of conditional probability is a basic tool 
of probability theory. Unfortunately, its great simplicity 
is somewhat obscured by an atrociously clumsy terminol- 
ogy. Consider the following: 

Assume a population of nm people to include 7, color- 
blind people and n, females. In the event that a person 
chosen at random is color-blind and female (namely, 
both a and h), then the probability of a n,,, and 
the probability of h n),,. Instead of the entire popula- 
tion, we may investigate the female sub-population and 
require the probability that a female chosen at random 
be color-blind. This probability is ,,n,, where n,,, is the 
number of color-blind females. We have here no new 
notion, but we need a new notation to designate which 
particular sub-population is under investigation. The most 
widely adopted symbol is P{A|H}. It may be read as 
follows: “The probability of the event A (i.e., color blind- 
ness), assuming the event H (i.e., that the person chosen 
is a female)” can be symbolized as follows: 


Vas P;{A HI } 


Pi id Nn Pi ii | 
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Obviously, every sub-population may be considered as a 
population in its own right, and we call it a sub-population 
merely for the sake of convenience and to indicate that 
we have a larger total population in mind. An insurance 
company may be interested in the frequency of damages 
of a fixed amount caused by lightning (event A). Pre- 
sumably this company has several categories of insured 
objects, such as industrial, urban, rural, etc. Studying the 
damages to industrial objects separately means to study 
the event A (damages caused by lightning) only in con- 
junction with the event H (damages to industrial objects). 
Thus, Eq (22) obviously applies. However, for insurance 
companies specializing in industrial objects, H coincides 
with the whole sample space and P{ A|H } then reduces 
to P{A}. 

Consider our old friend, the Bridge player, North. 
Once the cards are dealt, he knows his hand and is 
interested only in the distribution of the remaining 39 
cards. It is legitimate to introduce the aggregate of all 
possible distributions of these 39 cards as a new sample 
space. But it is obviously more convenient to consider 
them in conjunction with the 13 cards in North’s hand, 
which are event H, and to speak of the probability of an 
event A (for example, the event that South has 2 aces) 
assuming the event H. We can again apply Eq (22) and 
can then give the following as a formal definition: If H 
is an event with positive probability, then we can say 
for its arbitrary event A that 


RPiAl#i 


hh Pi Hi} 


(23) 

Taking conditional probabilities of various events with 
respect to a particular hypothesis H amounts to choosing 
H as a new sample space. We have to multiply all prob- 
abilities by the constant factor 1/P { H } in order to reduce 
the total probability of the new sample space to unity. 
This formulation shows that all general theorems on 
probabilities are valid also for conditional probabilities 
with respect to any particular hypothesis H. As an example, 
we mention the fundamental relation for the probability 
of the occurrence of either A or B, or both, and we have 


P{A+B\|H} =P{A|H} P{| BH} P{AB\|H} (24) 


The so-called theorem of compound probabilities is 
symbolized as 


P { ABC } P({A|BC}-P{BIC}-P{C (25) 


which, of course, can be generalized to any number of 
events. A simple formula is frequently useful when we 
assume H,, , H,, to be a set of mutually exclusive 
events of which one necessarily occurs; in other words, 
the union of H,,... , H,, is the entire sample space. In 
any event, A can occur only in conjunction with some 
H; or 


A = AH, + AH. + --- + AH, (26) 


Since the AH; are mutually exclusive, their probabilities 
add and we may assume that H A; and add. This 
results in 


P{A} 2P{A\H;\ - PtH; (27) 


which is a useful formula because an evaluation of the 
conditional probabilities P{ A|H; } is sometimes easier 
than a direct calculation of the P{A}. 


Binomial Distribution (7) 


If P is the probability that an event will occur at a 
single trial, and Q = | P is the probability that it will 
fail to occur, then the fact that an event occurs at a 
given trial will be called a success and, otherwise, a failure. 
Thus, the terms in a binomial expansion give the prob- 
abilities of the various possible results in their natural 
order. The probabilities of occurrence or failure (or suc- 
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cess or failure) are precisely x successes and n x fail- 
ures, in some order of occurrence. The number of orders 
is the number of permutations possible with n letters, of 
which x are alike (P’s) and the remaining n x are 
alike also (Q’s). As we have already noted, the number 
of permutations of n things of which n, are alike, n, are 
alike, and so on to n, are alike, is given by (2, 4, 5): 


nm 


my! me! +++ ny! 


A direct application of this formula shows that the num- 
ber of permutations of the P’s and Q’s is equal to 


nm. 


r'(n r)! 


The probability that one or the other of a set of mutually 
exclusive events will occur is, as we have said before, 
the sum of their separate probabilities. Consequently, it 
Is necessary to add p’q"* as many times as there are 
different orders in which the desired results can occur. 
Since the number of such orders is given by the formula 


' 
nm 


ri(n r)! 


it follows that the probability of obtaining x successes in 
n independent trials of an event for which P is the prob- 
ability of success in a single trial is given by 


' 
t 


r 
ri(n zr) 


P(z) pq (28) 
This function is called the binomial, or Bernoulli dis- 
tribution, function. The name binomial comes from the 
relationship of the formula given in Eq (28) to the 
following binomial expansion: 


(q + py q” + nq” 'p 4 _ 


I," 2 99 
ri(n ry? q (29) 


- 


zo 


It is now clear that Eq (29) may be simplified as follows: 


py’ \ P(r) (30) 


Thus the terms in this binomial expansion give the prob- 
abilities of the various possible results in their natural 
order. 

The binomial distribution can be used to solve many 
practical problems related to repeated trials of an event. 
Such problems will be illustrated by the nature of the 
formula given in Eq (28). We can, for example, expand 
the simple problem of rolling a die to rolling a die five 
times and seek the probability that precisely two of the 
rolls will show a 1. Here success consists, of course, in 
obtaining a 1. Hence p 1 6, q 5/6, and n i 
When Eq (28) is applied, the solution is 


ao a ee 
P(2) = 5131 () ) 0.16 


If the die is rolled five times, we can then question what 
is the probability of obtaining (at most) two l’s. To 
answer this question, it is necessary to compute the 
probabilities of obtaining precisely zero 1’s, one 1, and 
two I's. Again, applying Eq (28), we find 


5! l 5 
P(0) ors! ({) (?) 0 40 
PU) = ig) (5) (?) “Pa 


Since these probabilities are mutually exclusive events. 
we may now apply the formula 


P = P(A) + P(B) (31) 
and find that P(x < 2) = P(0O) + P(2) = 0.96. (6, 7) 


The Law of Large Numbers 


By allowing the number of trials, n, to increase suff- 
ciently, the probability, P, can be made as small as desired. 
This conclusion, called the Law of Large Numbers, shows 
the probability nature of the convergence of sample suc- 
cess ratio to its expected value. The probability type of 
convergence is often called stochastic convergence to dis- 
tinguish it from ordinary mathematical convergence. The 
Law of Large Numbers does not guarantee, for example. 
that the success ratio for two coins will approach '%2 for 
a limit, but rather that the probability of the success ratio 
differing from %2 by more than any given amount wil 
approach 0 as a limit. It is customary to say that the 
success ratio converges stochastically to 1%. 


il — Statisties 


Statistics is concerned with the treatment of empirical 
data by means of the theory of probability. The need for 
probability theory arises because of errors in measure- 
ment and because of the inconstant and unpredictable 
nature of the phenomena under observation. Thus, many 
engineering processes yield data that appear as if they 
were generated by some chance mechanism. From ex- 
perience with games of chance, if the process were to 
be observed many times, we would expect to see the 
relative frequency of occurrence approximate a fixed 
quantity, thus exhibiting the property of statistical regu- 
larity. Statistical analysis of experimental data is often 
followed by human decisions and actions—lots of manu- 
factured goods are accepted or rejected, missiles are fired 
at suspected radar targets, and so forth. Hence, much of 
the newest development of statistical decision theory has 
been concerned with adapting statistical procedure to 
decisions and actions, usually with the object of minimiz- 
ing the average total costs, or risks, incurred. 

In radar, for example, the data are the sequence of 
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voltages measured at the terminals of the antenna. Errors 
in the data may be caused by random noise, the proper- 
ties of which may be explained with the aid of the theory 
of probability. The observer must take certain actions on 
the basis of his interpretation of the corrupted input volt- 
ages. The task of the statistical theory of signal detection 
is to find a way to process randomly-varying data in such 
a way as to permit the adoption of a maximally efficient 
course of action. 

The discussion of statistical theory which follows in- 
cludes a description of the principles of averaging, the 
properties and uses of characteristic functions, including 
the significance of their moment-generating properties. 
brief mention of estimation, definition of random processes. 
and the meaning and practical importance of correlation 
and special functions. The Gaussian process is mentioned. 
and the section closes with a discussion of tests of 
hypotheses and a somewhat detailed account of the ap- 
plication of testing theory to the important practical 
problem of the detection of signals in noise. 


ELECTRO-TECHNOLOGY 





Averaging 


If, in an experiment, the result x, occurs n, times, x. 
occurs n. times, x, occurs n, times, the arithmetic average 
of the observations of x is 


7 M2, + NoXe + +°- 


+ Melk 
z= 2 


(39) 


Mm + Me + ses +m 
If we let 
. 
m+net:s+ +m a, ny = (40) 
bout 
= 
then we define the true average or expectation of x as 
’ e \ | hit 
E(r) = lim (41) 
N— a \ 
| 


We note that n;/N is the frequency ratio of x;, and recall- 
ing the frequency definition of probability, we have that, 
in the limit (assuming statistical regularity), n;/N con- 
verges to the probability of x;—namely, p(x;). Hence, we 
define the statistical average of x (mean expectation) as 


‘ 


k(2) = | rip(x) (42) 
a 


For continuous random variables, 


E(2z) = f rp(z)dz (43) 


where p(x) is the probability density function of x. Ex- 
tending this definition to functions of x, we have 


Elf(z)} -f f(x) pa) dz (44) 


In particular, if f(x) = x", 


E(x") = f x"p(x)dr (45) 


The relation in Eq (45) is called the nth moment of x. 
If we subtract the mean of x from x, we have 


E(z)\"} 
[ [r E(2)|\"p(a)dr (46) 


wr = E{[z - 


called the nth central moment of x. The case n = 2 is of 
interest: 
= E{ [zx E(x)? } 
E{z? — 2rE(2) + [E(z))*} 
E(x’) — 2[E(z)) + [E(z)P 
E(x?) — [E(z)}?? (47) 


Equation (47) is called the variance or dispersion of x. 
It is usually designated by the symbol o?, so that 


oa (Ett Ber) | (48) 


is the standard deviation, also called the rms (root-mean- 
square) deviation of x from its mean; o provides a 
measure of the width of a single-humped (unimodal) 
distribution. 

It is important to examine the relations which govern 
averages of sums and products of pairs of random vari- 
ables. Thus, 


E\f(z.y)| = { S(x,y) p(2,y)drdy (49) 
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If f(x,y) = x + y, then 


E(«# + y) = f f (x + y)p(2,y)drdy 


= E(r) + E(y) (50) 


If f(x,y) and x and y are statistically independent—i.e., 
p(x,y) = p(x)p(y) then 


E(ry) = f f ryp(xz,y)drdy 
f eplade- f yp(y)dy 


= E(2) -E(y) (51) 


Finally, if x and y are statistically independent and 


E(x) = E(y) = 0, 
E((@z + y}*] = E@*) + EG’) (52) 
Characteristic Functions. (8) A useful function in find- 
ing the probability density associated with sums of sta- 
tistically independent random variables is the character- 


istic function. By definition, the characteristic function, 
M.{ju), associated with the random variable x is 


M.(ju) = E(e?+*) -f ei**p(x)dr (53) 


That is, M,(ju) is the Fourier transform of p(x), so that 


pl) = f M.A jude~i*dp (54) 


so that the probability density function is the inverse 
Fourier transform of the characteristic function. 

Let us demonstrate the relation between the character- 
istic function of the sum and the characteristic functions 
of the component variables. If z = x + y, we have 


MA ju) = E(e'**) 


= f f eiu(aty p(2,y)drdy 
« —& 
= f ei*p (x)dzr f e/*Upo(y)dy 


= Mju): Mn) (55) 


showing that the characteristic function for the sum of 
two statistically independent random variables is equal 
to the product of the characteristic functions. This proof 
is readily extended to the sum of more than two variables. 

We now show the relation among the probability den- 
sities. By taking the inverse Fourier transform of both 
sides of Eq (55), we have 


: f VA jude’"du 5 { M.A ju) . M (jude “dy (56) 
Tv 


The left member of Eq (56) is, according to Eq (54), 
the probability density function for the distribution of 
the sum, or p.(z). The right member is expressed in terms 
of probability densities as follows. We can replace M,(jyu) 
by Eq (53) and invert the order of integration. Thus, 


p;(z) xf Minders f pilxei*dr 
“TT 


ae ‘ 
. on pi(x)dr [ M, (jude *#@- du (57) 


According to Eq (54), we have that 


: : 
= J VC jude *#?- du = plz — x) 


«7 





ote f pi(r)plz — x)dr (59) 


Thus, the probability density function for the sum of 
two independent random variables is a convolution integral. 

Moment-Generating Property. (8) It can readily be 
shown with the aid of Eq (45) that 


aM (ju) 


Ke 
we d"™ ju) 


(60) 


If moments -of all orders exist, Mju) may be expanded 
in a Taylor’s series so that 


\ En) IY (61) 
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If this series converges, the moments uniquely define 
the probability density function 


Estimation (8) 


Statistics is concerned with the problem of estimating 
statistical properties of random variables, given a finite 
number of observations. Such estimates are called statistics 

Consider estimates of the mean. We define the sample 
mean, m, to be 


m : \ r (62) 


the sample consisting of N observations; m itself is a ran- 
dom variable with mean 


; \ hk(r,) ier) 


A statistic whose expectation equals the quantity being 
estimated is said to be an unbiased estimator. Thus, the 
sample mean is an unbiased estimator for the population 
mean 

If successive samples are independent, one can show 
that 


a(r) 


o-(in) \ 


As N > ©, 

converges to E(x). 
The Central Limit 

Statistically 


a*(m) — OVO, meaning that, as N > o, 
Theorem in Estimation. (8) For 
independent samples with finite mean and 
variance, it can be proved that the probability of the 
sample mean tends to become Gaussian as N > o. This 
iS a special case of the Central Limit Theorem, a plausi- 
bility argument for which can be given as follows. We 
are given n independent random variables (x,, x, ..., X,), 
all characterized by the same probability density function, 
p(x). We seek the probability density function for z x 
+x, +e. x,. As has been found already, the char- 
acteristic function corresponding to the sum of inde- 
pendent random variables is the product of the individual 
characteristic functions. Since, by hypothesis, the random 
variables all have the same probability density function, 

M.A ju) [M. ju))” (65) 
Expanding M,{ju) in a power series about the origin in 
the » plane, we have j 
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dM,(jp) (ju) + @M.Cju)) Cin? 


MA : - 7s > 
” dGn) |, + Gn) |, 2 


VM.( j0) + 


1 + E(r)(ju) + F(a’) Guy S (66) 


Now, suppose that E(x) 0 and let E(x?) o*/n, the 
variance. Since the variables are independent, this choice 
will make the variance of z = o*. Then 


M.(ju) = hava (67) 


2n 


If two terms are enough to approximate M,{juz) well, then 


VA ju) [ =| enon (68) 


~fl 


as n — o. Limiting the expansion to two terms can be 
loosely justified as follows. 


MA ju) ei"*p(x)dr | < { ei? p(x) | daz 


{ p(r)dz (69) 


so that MC ju) V0) (70) 


Chen, it M,(ju) is raised to a very high power, |M,(j0))" 
remains equal to 1, but |M,(jy)|", pu 0, becomes very 
small. Hence, the only values of » for which M.(ju) is not 
very small are those near yu 0. Taking the inverse trans- 
form of both sides of Eq (69), we have 


1 . 
p(z) . VA jwe (“du 


| 
so that p(z) ; 


V 2no 


probability density 


which is the Gaussian or normal 
function. 

Equation (71) can be derived independently by assum- 
ing a distribution for which the probability density is 
continuous and differentiable over the whole range of its 
values, that the probability density has a single greatest 
value, and that the value of the random variable which 
makes the density a maximum is the average value. (9) 

Normal distributions are very useful as mathematical 
models for many distributions found in nature and indus- 
try. Thus, measurements made on manufactured articles 
very often possess distributions that can be approximated 
well by normal distributions. The same is also true of 
many biological measurements. Even if there were few 
natural distributions of this form, the normal distribution 
would still be extremely important because of its place 
in theoretical work. As we have already learned from the 
Central Limit Theorem, a sample mean approximately 
follows a normal distribution even though the basic vari- 
able does not. 

In a broad sense, the normal curve describes those 
physical situations in which small deviations are more 
probable than large and in which very large deviations on 
either side of the mean have non-vanishing probability. 
Of course, one must realize that at best the normal curve 
can be only an approximate model for physical problems 
since in practice it is not possible to have infinite devi- 
ations from an average. It is important to note also that 
there are physical situations which cannot be properly 
described, even in an approximate sense, by normal dis- 
tributions. An important example is the distribution of 
noise bursts on telephone lines or of the amplitude of 
impulse noise caused by industrial devices. There is a 
tendency, when a set of data does not conform to a 
normal distribution, to assert that this is because the data 
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are only a sample of the entire population, but one must 
not ignore the possibility that the origin population may 
not be Gaussian or that the law of choice is not Gaussian 
—that is, random. When the population and the law of 
choice are Gaussian, the sample will also be Gaussian. 


Random Processes (/0, //) 


Up to this point, time has not been involved in the 
discussion. Although the repetition of experiments has 
been mentioned (for example, the repeated tossing of a 
coin), this could equally well have been done with an 
equivalent number of coins all at once. However, in 
many cases (e.g., noise, signals, etc.), the time dependence 
is of crucial importance. Since conditions may change with 
time, it is important that repetitions of the basic experi- 
ment for defining probability be carried out simultane- 
ously. We are thus led to the conception of an ensemble 
which is a collection of all possible records resulting from 
a particular experiment. If the experiment happens to be 
the measurement of noise voltage across resistors, the 
ensemble will consist of a collection of waveforms, one 
for each resistor, representing the variation of noise volt- 
age as a function of time. At a given instant f t,, we 
could measure each voltage and compute p(x), E(x), E(x?), 
etc. Such averages are called ensemble or statistical ave- 
rages. Similarly, we might measure the values of one 
member of the ensemble at both ¢, and ¢,. Repeating for 
all other members and averaging, the joint probability 
P(X;,, X¢2) is Obtained. By measuring at more points, one 
may obtain higher-order joint probabilities. 

If observations are made at any time ¢, and if the en- 
semble averages are invariant under a shift in time, the 
process is said to be stationary in time. 

We could, if we chose, talk about time averages, de- 
fined as 


1 
|r(t)| > lim 1 f [r(t)\dt (72 
To 27 - 


T 


The question which arises is: Under what conditions will 
the time average of some function of a member of 
the ensemble be equal to the ensemble average over all 
members? A partial answer is contained in the Ergodic 
Theorem of Birkoff, which states that if the process is 
Statistically stationary, the time average <x(t)> exists and, 
if the process satisfies an additional condition called 
ergodicity, it is equal with probability one to E(x). The 
ergodicity condition essentially amounts to saying that 
every member of the ensemble sooner or later looks like 
every other member. 

We now discuss a coin-tossing problem that illustrates 
a number of the concepts already introduced. Moreover, 
a generalization of the solution to this problem has con- 
siderable practical import. Consider that the event “heads” 
occurs with probability p and the event “tails” with 
probability g such that p + q = 1. It is desired to de- 
termine the average number of heads in a series of n 
tosses. It is also desired to determine the root-mean-square 
deviation from the average number of heads. The problem 
may be solved by introducing a random variable X;, to 
represent the outcome of the kth toss. We define 


; 1, if “heads” occurs on the kth toss 
" ? if ‘tails’’ occurs on the kth toss 
Hence, the variable 
- py Lee ele 


is the number of heads in n tosses. We seek the expecta- 
tion of heads on the kth toss and must thus hypothesize 
the experiment of tossing each of an infinite number of 
coins n times. That is, we have a random process or 
ensemble. Thus, the expectation of X, (i.e., the average 
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number of heads on the kth toss) is 
E(X;] = 0 - P,[X, = 0] +1- PLN, 1| 
“5 
n. Therefore, 
E[|X) = E[Xi] + E[X2] + +--+ + EX» | 
= np 
which is the average number of heads on n tosses and 
thus the solution to the first part of the problem. 
We now proceed to determine the standard deviation 
from the mean, np. We note that 


ey — I 
\ A, T 2 \ \ X; X, 
ym) a 
k=! jwl k=j+i 
The outcomes of successive tosses are presumed inde- 
pendent, so that 
E|X;X;] = E[X;] - 


= p? 


E\.X;] 


Hence, 

E\|X?) = nE[|X?] + (re? 
np + (rn? — n)p? 
npq + n’p* 


n)E(X Xi) 


he variance of X is 
E\(X — X}] = E(X*] — {E[X)}? 
[X2] — {np}? = npq 
and the standard deviation is 


o V/ npq 
This relation is the standard deviation about the mean, np, 
of the population of the sum of n tosses. For the popu- 
lation of single tosses, the mean is p and the standard 
deviation is 


Os Va ”y 


The result just obtained could be generalized to apply 
to any problem involving a dual partition of events, such 
aS gO-no-go gauge measurements, an extremely important 
example of which arises in the control of quality in indus- 
trial production. (/2) Quality measurements made with 
a go-no-go gauge permit the calculation of the fraction 
defective of manufactured items, sample values of which 
are computed from N observations, where N may be a 
relatively small number—say, 20. For all samples of the 
same size, N, the fraction defective fluctuates from sam- 
ple to sample. The problem in the statistical control of 
quality is to know when to decide that the fraction de- 
fective indicates that the production process has got out 
of control. Decision is made with the aid of a control 
chart which may be constructed as follows. From a rela- 
tively large sample, say 1000 measurements, an estimate 
of the population mean of the fraction defective is ob- 
tained. This estimate is p, which may be regarded as the 
probability that a constant-cause system will produce a 
defective piece of product. Now the distribution of frac- 
tions defective computed from samples of size N can 
be shown to have a standard deviation about the popu- 
lation mean of 


= ht 


where gq = | p. It can also be shown that the binomial 
distribution approximates, within engineering accuracy, 
to the normal distribution of the same mean and standard 
deviation, provided p is approximately equal to g and N 
is of the order of 16 or greater. (12) Knowing the standard 
deviation of p, namely o,, we may use the normal law 
integral to calculate the probability that an observed 
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Fig. 2—Scatter diagram showing non-linear relation between 
x and y 


fraction, p, will fall within any two limits, p, and p., if 
the normal law is a sufficiently good approximation. For 
example, if the normal law is applicable and Pp is in fact 
the estimate of the population mean, then the range p — 
3a, to p + 30, includes 99.73 per cent of all fractions 
defective. If conditions do not permit use of the normal 
law, it may be possible to use other means to establish 
appropriate probability bounds. (/2) 

Once bounds are established, we then know how to 
decide whether the production process is in a state of 
control or not. If fractions defective of samples are 
within the bounds, we say that the process is in a state 
of control, and we continue production; if outside the 
bounds, we say the process is uncontrolled, and we stop 
production and look for the trouble. Where the control 
limits are set is determined by a compromise between 
the losses from producing too many defective items on 
the one hand, and the losses from stopping production 
excessively on the other. 


Correlation (/0, //) 


In a random process with zero mean, it is often of 
interest to determine if or how x,, and x,, depend on 
one another. One way is to plot pairs of points from 
members of the ensemble in a scatter diagram. One pos- 
sible kind of dependence is linear dependence; i.e., x, 
tends to equal x,, or a constant multiple of x,.. The 
question arises as to what is the “best” straight line to fit 
the data. If “best” is interpreted as meaning having the 
least mean-square-error between the “predicted” value 
px,, and the actual value x,., then it can be shown [assum- 
ing E(x) 1, i.e., normalized variables] that 


p Ee Crare) (73) 


[The quantity p is called the correlation coefficient or 
covariance of the random variables x,, and x,.. 

If p 0, x;, and x,, (more generally x and y) are 
linearly independent. Now, if two variables x and y are 
statistically independent, i.e., if p(x,y) p(x)pty), 


E(ry) E(r) - EC) 0 (74) 


if we assume zero means. Hence, x and y are also linearly 
independent. The reverse, however, is not, in general, 
true. That is, if x and y are linearly independent, they 
are not necessarily statistically independent. Thus, the 
scatter diagram might look like Fig. 2. 

In this case, x and y are certainly dependent, although 
the best straight-line fit in a mean-square-error sense has 
zero slope. If x and y have a joint Gaussian distribution, 
linear independence implies statistical independence. 

If the process is ergodic. we have 


7 
p Krause) lim arf r(t)r(t + to — b)dt (75) 
teed 


vilr = te — bh) 


The quantity ¥,,(r) is called the auto-correlation function 
of x(t). It has the properties: 


¥iui(r) Vil r) (76) 
That is, the function is symmetrical about the origin. Also, 
Wii(O) = ¥vulr) (77 


where ¥,,(0) is the average power of x(t). 

We may also be interested in finding the correlation 
between random variables from two different random 
processes. If the processes satisfy the ergodic condition, 


we have 


7 
E(rave) lim F r()vt 4+ r)dt (78) 


— x T 
vi2(7) 
The quantity ¥,.(7) is called the cross-correlation function 
of x(t) and y(t). 

The extraction of a periodic wave masked by random 
noise is an important communication problem, an example 
of which is the detection of a radar signal in the presence 
of noise. The problem of detecting periodic waveforms 
is found in other fields of scientific work also—for ex- 
ample, in the study of brain waves and in ocean-wave 
analysis. Correlation theory has been of considerable 
value not only in the solution of these problems, but also 
in the design of matched filters, comb filters, integrators, 
and, of course, correlators. In fact, it can be shown that 
all forms of linear filtering are merely different forms of 
correlation. 

Consider the application of auto- and cross-correlation 
to the problem of recovering periodic signals from noise. 
The received waveform may be represented by 


(OD) = SO + NO (79) 


where S(t) is the signal and N(t) the noise. Hence, 


T 
vur) lim > IS(@) 4+- N@)|[SC@ + 7) + NG + 7)] (80) 


T3430 < 


T 
Therefore, 
u(r) 


Thus, there are three noise terms in addition to the signal 
term Wg<(r). If the noise and the signal are statistically 
independent, and if the function ¥,,(r) is a true correlation 
function in the sense that the averaging process is over 
infinite time, the noise terms are zero. In practice, how- 
ever, the averaging occurs over finite time, so that all the 
noise terms must be retained and, in fact, a fourth noise 
term (not shown) must be considered also. This fourth 
term is caused by measurement error and is treated as 
additional noise. Relative to the signal term, the noise 
terms are found to decrease in amplitude inversely as the 
square root of the averaging time, so that the signal-to- 
noise ratio increases as the square root of the averaging 
time. Thus, auto-correlation is capable of increasing the 
signal-to-noise ratio any desired amount, depending on 
the averaging time, and, in the infinite limit, the noise 
can be completely eliminated. 

Let us now examine the behavior of cross-correlation. 
It is convenient to do this within the context of the radar 
problem. A signal S,(t) is transmitted and reflected from 
a target. It combines additively with the noise in the 
receiver, so that the output from the receiver is 


Wss(r) + Wsw(7r) + Yws(7) + Yrn(7) (81) 


iid) = Si + NWO 32) 


At the output of the radar receiver a second signal, S.(t), 
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is generated in synchronism with S,(t). Since this signal 
does not enter the receiver, it is free of noise, and we write, 


f(t) = SO) (83) 


Forming the cross-correlation function ¥ (7), we have 


T 
vas = lim oe J LS) + N@I|[Sot + 7] 


a 2 
¥s,8,(7) + vws,(7) (84) 


Cross-correlation is seen to result in only one noise term 
as opposed to three in the case of auto-correlation. In the 
limit, if the noise and signal are statistically independent, 
the noise term is zero, and the signal is completely ex- 
tracted from the noise. In practice, averaging must take 
place over finite time, so that not only must the second 
term be retained, but an additional “noise” term caused 
by measurement error must also be accounted for. We 
see, however, that cross-correlation has fewer noise terms 
than auto-correlation and is, therefore, a more efficient 
means for extracting the signal from the noise. Intuitively, 
this is to be expected because, before cross-correlation 
can be used, certain a priori information must be avail- 
able. Thus, in the example of radar, the repetition fre- 
quency of the signal S,(t) is known, so that one can 
generate S.(t) in synchronism with it. 


Spectral Analysis (//) 

In linear circuit analysis, it has been proved very useful 
to be able to study signal properties alternatively in the 
time or the frequency domains. Since time and frequency 
characteristics are related by means of a Fourier trans- 
formation, one approach cannot convey more information 
than the other, but it may be more convenient to employ. 
It is fortunate, for the same reason, that a definite relation- 
ship exists between the time and frequency domains of 
random functions. It is found that the Fourier trans- 
formation of the auto-correlation function is a frequency 
function called the power spectrum. The power spectrum 
is the power dissipated in unit load per unit of angular 
frequency. It gives the distribution in frequency of the 
power of a signal or noise. The Fourier transform relation- 
ship between the auto-correlation function and the power 
spectrum is called the Wiener theorem. In symbols, this 


theorem is 
vir) w f)coswrdf 
e090 


w(f) = 4 ¥ii(r)coswrdr (85) 
0 


where w/(f) is the power spectrum. 
The power spectrum has the following properties. It 
is real and positive. The integral 


fi wecnar p = ¥u1(0) (86) 


is the average power dissipated in unit resistance. If a 
linear system has the frequency response H(jw) and the 
input power spectrum w,(f), the output power spectrum is 


wo(f) = | H(jo) |? wif) 


If w(f) is constant (flat) over a band of frequencies, the 
random process is called white noise. 

Although the primary interest of the communications 
engineer in the Wiener theorem is its application to the 
random functions of communication systems, the theorem 
is not restricted to random functions. In the derivation 
of the theorem, it is emphasized that the basic assumption 
is the existence of the auto-correlation function for every 
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value of the argument. The original form of Wiener’s 
theorem includes periodic functions. It is noted that, 
unlike the spectrum function for non-random functions, 
the power spectrum contains no phase information and 
thus is a measure of power and not of amplitude. 

The Fourier transform of the cross-correlation also 
exists. This function is called the cross-spectral density, 
and it possesses phase information since the cross-correla- 
tion function itself does. 


The Gaussian Process (/0) 


Thermal noise, shot noise—and, indeed, most natural 
random processes—are Gaussian, meaning that for every 
finite set of times, ¢,, the joint probability density is 
multivariate Gaussian. Thus, if observations are made at 
times ¢, and f¢,, the joint probability density function 
[normalizing so that E(x,) E(x.) = 0, E(x,?) = E(x.?) 


1] is 
I (7? — 2prre + 72) 
rs > exp [ a1 — »’) ] (88) 


where p is the correlation coefficient for the random vari- 
ables at t, and ¢.. If p is zero, meaning that the two ran- 
dom variables are independent, 


MS ep (x; . 0) (89) 


which is the well-known relation for the joint distribution 
of two independent, Gaussianly-distributed variables. 

The sum of two independent Gaussian variables is also 
Gaussian. This is readily shown with the aid of character- 
istic functions. Assuming zero means, 


p(ri,72) 


pCry..re) 


M( ju) 
M,(ju) = e~70'#*/s (90) 


M.{ju) = MC ju) ~ Mju) 


{o,°+a,?)u"/2 (91) 


so that z x + y is also Gaussianly distributed with 


a, o, +a,7 (92) 


It is of interest to note that, in communication or radar 
receivers, the limits of detectability are set by the thermal 
noise in the receiver. Thermal noise is characterized by a 
Gaussian voltage distribution and a uniform power spec- 
trum. A noise with a uniform power spectrum is called 
“white” noise. If its voltage is also Gaussianly distributed, 
it is called white Gaussian noise. Thus, thermal noise is 
white Gaussian noise. 

An important fact, frequently not appreciated, is that 
there is no connection between the power spectrum and 
the probability density function. Thus, there is an infinite 
class of processes, every member of which could have 
a uniform power spectrum. A noise may be white but 
non-Gaussian, or it may be Gaussian and non-white. The 
only thing that is determined by the power spectrum is 
the auto-correlation function, as seen in our discussion 
of the Wiener theorem. 

Finally, if the input noise to a linear system is Gaus- 
sian, the output is Gaussian; but if the input is non- 
Gaussian, very little (in general) can be said about the 
output, whether the system is linear or not. 


Tests of Hypothesis (/0) 


In experimental research, the object is sometimes mere- 
ly to estimate parameters, but more often the ultimate 
purpose is to use the estimate in some way. One may wish, 
for example, to compare the yield of a new line of manu- 
factured products with that of a standard line and perhaps 
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Fig. 3—Two populations from which a single observation may 
he drawn 


recommend that the new line replace the standard line 
if it appears superior. Using vacuum tubes as an illustra- 
tion, suppose that the average life of tubes is 1000 hr 
under a standard manufacturing procedure, and that it is 
desired to test a new procedure for manufacturing tubes. 
We consider that two populations of tubes are being 
compared: those made by the standard process and those 
made by the new process. The question is whether the 
mean of the second population is less than or greater 
than 1000 hr. To answer the question, we set up a null 
hypothesis; namely, the hypothesis that the two means 
are the same. On the basis of a sample from the second 
population, we shall accept or reject the null hypothesis. 
Which we do in a given situation will depend on the 
criterion for decision 

To introduce the basic notions of hypothesis testing, it 
is helpful to consider the simplest case of a single alterna- 
tive. Suppose a population is known to have either the 
probability density p,(x) or p,(x) and that it is desired to 
test on the basis of one observation whether the true 
density is p,(x) or p,(x). We designate by H,, the hypothesis 
that p(x) = p,(x) and by H, the alternative hypothesis that 
p(x) p(x). We call H,, the null hypothesis. The rejection 
of H, will be equivalent to the acceptance of H,. To test 
H,, we choose a number T and make an observation x,. 
if x, < T, we accept H,, and if x, > T, we reject H). 
(See Fig. 3.) 

Iwo kinds of error are possible in the single alternative 
case. We may reject H, when it is in fact true; that is, 
the population may have p,(x) as its distribution even 
though the observed x exceeds T. This is called the Type I 
error of the test. and its probability is 


por)ds 


This probability is often called the /evel of the test. A 
second possible error is the acceptance of H, when it is 
false; i.e., the observation may be less than T even though 
the true population distribution is p,(x). This is called the 
Type II error of the test. and its probability is 


pi(r)dr 


The interval x T is called the acceptance region for the 
null hypothesis and the interval x T the critical region 

Bayes’ Test. The technique of constructing a test in a 
very important special case is now illustrated. This case 
is concerned with the detection of noisy signals in receiv- 
ing systems. In the simple, single-alternative detection 
problem, an event is observed which could have been 
produced by either of two mutually exclusive causes— 
a signal or a no-signal. Let us designate by H,, the hypo- 
thesis that a no-signal and by H, the hypothesis that a 
signal is responsible for the observed event. It is desired 
to establish a reasonable rule for deciding between H., 
and H,. Specifically, one postulates an observation space 
Y which is divided into two parts, Y, and Y,. If the 
observed event is in Y,, one accepts the hypothesis H,;: 
and if it is in Y,, the hypothesis H,. Because of internal 
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or externally-induced noise, the relations between the 
observed events and their causes are not determinate. That 
is, there is a conditional probability only that if the cause 
is a signal, a signal will be observed; or that if the cause 
is a no-signal, a no-signal will be observed. Relations 
between conditional probabilities are given by Bayes’ 
Theorem: 


p(r) p(v/z) 
pty) 


Within the framework of the detection problem, p(x) is 
the a priori probability of a given cause x (i.e., signal or 
no-signal), p(y/x) the likelihood that if x is the cause y 
will be observed, p(y) the probability that the observed: 
event is in Y, or Y,, and p(x/y) the probability that if the 
observed event is in Y, or Y, its cause is x. Let us desig- 
nate by p, the a priori probability of a signal, by p, the 
a priori probability of a no-signal, by p(y/1) the likelihood 
of a given y when the cause is a signal, and by p(y/0) 
the likelihood of the same y when the cause is a no-signal. 
Finally, p(1/y) is the posterior probability that if y is 
observed its cause is a signal, and p(0/y) the posterior 
probability that if the same y is observed its cause is a 
no-signal. We thus have the relation that 


p(x /y) (93) 


p(0/y) 
p(l/y) 


pop(v/0) 


mply/1) (YA) 


A reasonable decision rule is the following: for a given y, 
choose H,, if p(O/y) > p(1/y) and choose H, if p(1/y) 
p(O/y). Choose either one if p(1/y) p(O/y). From Eq 
(94), this rule may be stated alternatively as 
- PWv/9) 5 Pp 

accept “ 

’ pt Ho if p(y /1) = 
p(y/0) p 
p(v/1) p 


(95) 
accept H, if 


if p(y 0) p(y /1) 0. This is Bayes’ Decision Rule. 
Two kinds of errors can result from its use: (1) choosing 
H,, when H, is in fact true, and (2) choosing H, when A, 
is in fact true. In terms of H,, Y,, is called the acceptance 
region and Y, the rejection region. If the observation y 
falls in Y,, so that we reject H, when H,, is in fact true, 
we say we have made an error of the first kind—called, 
in radar parlance, a “false alarm.” If y falls in Y, when 
H, is in fact true, we say we have made an error of the 
second kind, called a “miss.” 

Employment of the decision rule, Eq (95), will result 
in minimum probability of error, and if the losses from 
the two kinds of error are equal, an observer who adopts 
this rule will, on the average, guarantee himself minimum 
penalty. In some applications however (notably radar), 
the losses are not considered equal, and it is therefore 
necessary to weight the probabilities of occurrence of 
errors by their losses. When the probabilities are properly 
weighted, one has the average loss to the observer. Then, 
one chooses that decision rule which will minimize this 
average loss (or average risk, as it is sometimes called). 
(13,14) It can be shown that all that has to be done in 
in order to accomplish such minimization is to choose 
for Y,, that set of points, y, which satisfy the inequality 


ply 0) 4 pPi(Lio 
P(y/1) © po(Lo 
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where L,,, is the loss when H, is true and the decision is 
that H,, is true; L,, is the loss when H, is true and the 
decision is that H, is true; L,, is the loss when H, is true 
and the decision is that H, is true; and L,, is the loss 
when H, is true and the decision is that H, is true. It is 
clear that L,, and L,, are either zero or negative. If the 
inequality sign in Eq (96) is reversed or is replaced by an 
“equal” sign, or if pfy/0) p(y/1) 0, one chooses Y,. 


ELECTRO-TECHNOLOGY 





In summary, Bayes’ decision rule, given by Eq (96), 
insures minimum average loss or risk to the observer. If 
the losses for the two kinds of error are equal, the tesi 
reduces to the simpler form of the rule, Eq (95). It is 
reasonable for the observer to minimize his expected loss 
by means of Eq (96) if he has sufficient information to 
do so. If he does not. then he should minimize his prob- 
ability of error, according to Eq (95), noting that this 
procedure is the same as if the observer had used Eq (96) 
and set the losses equal. 

Likelihood Ratio Test. It is noted that both forms of 
Bayes’ Decision Rule, Eqs (95) and (96), involve the 
a priori probabilities p, and p,. If these are unknown and 
we are unwilling to introduce assumed values, decision 
must proceed along different lines than minimizing the 
expected loss or the probability of error. In this case, we 
invoke the likelihood principle, by which it is inferred 
that the cause exists which would more probably yield 
the observed event. That is, if p(y/0) > p(y/1), choose 
H.,,: if ply/1) p(y/0), choose H,. In other words, take 
y to be in Y,, if 


p(v/0) we 

p(y /1) © 
One observes that this test implies that p,(L,,, L,,) = 
PAL, L,,.) in the form of Bayes’ Decision Rule given 
in Eq (96). This further implies that, if the losses are 
equal, the a priori probabilities are equal. Hence, by 
resorting to likelihood, one is in effect assigning average 
loss or a priori probability according to the principle of 
indifference. 

There is, however, a limitation to the likelihood-ratio 
test, as might be expected, since decision may have to be 
made without some a priori information. If the observer 
uses a likelihood-ratio test on the assumption of one 
probability distribution of observed events when there is 
actually quite another, he may get a test which differs 
radically from the test for minimum probability of error. 

A theorem of Neyman and Pearson states that a like- 
lihood-ratio test will satisfy the optimizing criterion, to 
hold the probability of an error of the first kind (false 
alarm) equal to or less than a specified value and to 
minimize the probability of an error of the second kind 
(a miss). (16) The Neyman-Pearson criterion is imple- 
mented very simply by establishing a threshold such that 
false alarm probability is held to some maximum value 
It follows that the probability of detection is thereby 
maximized. If the signal-to-noise ratio is varied for a 
given setting of the threshold (i.e., given maximum false- 
alarm probability), a curve of probability of detection vs 
signal-to-noise ratio is obtained. Such a curve is called 
a “betting” curve. (17) (See Fig. 4.) In the figure, P, is 
the probability of detection, S/N is the signal-to-noise 
power ratio, and n is the number of integrations. The 
product n(S/N) is expressed in decibels. Each curve is for 
a given a (i.e., false-alarm probability), so that the com- 
plete performance of the radar receiver can be described 
by a family of such curves. 

Sequential Observation Process. The concept of sequen- 
tial observations, developed by Wald, (/&) permits a 
decision to be withheld in doubtful cases, and new ob- 
servations to be taken until unambiguous readings are 
obtained. In this system, the transmission is not fixed in 
advance but is determined during the course of com- 
munication by criteria that depend on the received signals. 
Recently, Middleton (/7) and others (/5,/9) have studied 
the properties of sequential observation in radar or binary- 
pulse communication receivers. It is shown that the 
“sequential observer” is, on the average, more efficient 
in saving time for a given reliability or increasing the 
reliability for a given time than the “Neyman-Pearson 
observer,” which is an optimized single-threshold system. 
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This result is intuitively reasonable because the sequential 
observer reduces guessing, which, as is well known, de- 
strovs information. 

The sequential-observer method is implemented by 
introducing two threshold levels at the receiver. permitting 
the receiver to withhold decision in doubtful cases—i.e., 
when the posterior probability p(x,/y;.) p(x.,/y;), where 
either a pulse (x,) or a no-pulse (x.,) is transmitted. Investi- 
gation of this scheme shows that a large reduction in 
decision error probability is possible at the expense of 
havine null or rejected signals. If the transmitted message 
contains either the natural redundancy of language or the 
artificial redundancy of code, the null signals may be 
interpreted correctly. (20) Thus, the advantage of null 
reception lies in locating the most probable errors. This is 
obviously more useful than ordinary binary transmission, 
in which the position of errors must first be located before 
correction can be made. 

When the input information consists of a statistically 
long sequence of uncoded binary symmetric digits and 
the interference is symmetrical, the direct channel may 
be characterized by the probabilities p; of receiving a 
digit incorrectly, u; of receiving a digit ambiguously or as 
a null, and gq; of receiving a digit correctly, where the 
subscript j (1 < j < o) denotes the values of the prob- 
abilities on the jth transmission. The decision process at 
the receiver places the received signal y; in one of three 
groups: 


Group I : v; > k; 
Group IT : kj; <yvj <k (98) 
Group III: v; < —k; 


where k; is the voltage level of the null boundary on the 
jth transmission. Group I records as x,, Group III as x., 
and Group II as “null.” Due to the symmetry of the 
system, the following relations exist between the con- 
ditional probabilities: 

p(l/n) = pCI/re); pA /2,) = pl /r.): pA /2,) = pC /re) (99) 


The reliability of the system is determined by the average 
error probability, which is 


r Ay pr) * piv. (4) 


‘ k= 


(100) 


where p(x;) is the a priori probability of transmitting x 
and p(y,/x;) is the conditional probability of receiving y,,, 
given that x; was transmitted. 

Substituting Eq (99) into Eq (100), and recalling that 
p(x,) p(x.), gives 


p; = p(ll/x) p(l/z2) (ol) 


Fig. 4—Receiver betting curve. 





Similarly, qi = p/n) = pCIII/z2) (103) 


It is noted that the use of these probabilities is equivalent 
to employing the maximum likelihood criterion, since the 
a priori probabilities are equal. 


uy = pl /x,) = pUI/z2) (102) 


Iii-The Theory of Games 


In 1928, a curious paper was presented by a young 
mathematician, John von Neumann, to the State Mathe- 
matical Society at Gé6ttingen, Germany. The subject, a 
rational strategy for matching pennies, undoubtedly seemed 
a little frivolous to the eminent mathematicians assembled 
and yet, with this paper a new branch of science was 
born which—years later—was to be called “The Theory 
of Games.” In the past thirty years, many important 
applications have been found for the science that had 
its start in an apparently trivial game. Little was heard 
about the theory in the years between the historic meeting 
at Gottingen and 1944, the year the monumental work 
that was the fruit of years of collaboration between 
mathematician John von Neumann and economist Oskar 
Morgenstern was published. This book, Theory of Games 
and Economic Behavior, established the theory as a pow- 
erful tool for the analysis of man’s social relations. (2/) 
Presenting some vast developments of the initial theorem 
von Neumann had announced at G6ttingen, this work 
immediately aroused a great deal of attention, and in the 
16 years since its publication, innumerable new appli- 
cations of the theory have been discovered. We have 
learned to take for granted that the theory of competitive 
games can be applied not only to economic competition 
but also to combat and warfare. (22) 

Nowadays, the theory has been applied to such diverse 
subjects as anthropology and the synthesis of communica- 
tions systems—in the widest sense of the word “com- 
munications’—and new branches of the theory have 
embraced all of science and technology. The so-called 
“theory of linear programming,” for example, originated 
trom problems in economics, and has developed into a 
theory in its own right, dealing with a maximizing (or 
minimizing) problem that cannot be solved by the methods 
of calculus. Vajda considers it an interesting fact that 
“problems of the theory of games can be shown to form 
a special case of those of linear programming.” (23) But 
the theory of games (or the theory of linear programming) 
could not really have become a practical tool had not 
another branch of science and technology developed al- 
most simultaneously. Because some of the necessary com- 
putations for the theory are so extensive that it would 
be impossible for a mathematician to carry them out in 
his lifetime, only the advent of automatic computing 
machines and their phenomenal development in the 1950's 
made a general application of these powerful new mathe- 
matical tools practical. 


Games and Definitions of Terms 


To understand the theory, we shall discuss a very 
simple example, known as the game of Matching Pennies. 
The rules are as follows: each of two players, a and 5, 
puts down a penny, head or tail up, without showing it 
to his opponent. The pennies are then uncovered, and a 
pockets both if they show the same side. Otherwise b 
pockets both pennies. Because there are two players, 
this is a two-person game. Since one player wins what 
the other loses, the sum of their game is 0. Therefore, 
this particular type of game is called a zero-sum game. A 
game, in this context, is a collection of rules which 
determine what the players may do, and who eventually 
wins what, depending upon what the players choose to 
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do. A game consists of moves. In the game of matching 
pennies, only one move is allowed for each player. Any 
particular instance of a game is called a play. One of 
the fundamental features of games considered by this 
theory is the fact that the gain or loss of either player 
depends not only upon his own action, but also upon 
the action of his opponent. A collection of choices for 
each possible situation is called the strategy. (In games 
with only one move, the strategy is identical with the 
move.) In games with more than one move for a player, 
it is natural to imagine that each of them decides on his 
choice as the play develops. However, it is often con- 
venient to imagine that the players decide in advance 
what they would do under all possible future circum- 
stances. 

Bluffing means that a player, a, bids high on a weak 
hand in order to induce his opponent, 5, to believe that 
he (a) has a strong hand and to influence the other (/) 
thereby to abandon a policy which would be successful 
if he (+) knew that the first player (a) actually holds a 
weak hand. Anyone who has ever played Bridge or 
Poker will understand these terms without a more technical 
definition of bluffing, which would be most difficult to 
construct. (22) A chance move is a move that often 
depends upon chance. For example, in a game of high 
and low card, the deal of the first card to player a 
determines the outcome of the game. Reducing a game’s 
structure to strategy is called normalizing. An elaborate 
theory exists which refers to games in their extensive 
form—namely, taking account of the succession of moves, 
and, in particular, of the pattern of information. Informa- 
tion is what each player knows about his own and his 
opponent's earlier moves. Every Poker player knows that 
having some experience with the method used by one’s 
Opponent is an important consideration. Based upon such 
experience, a reasonable estimate can be made, for ex- 
ample, of whether the opponent is bluffing, or playing 
his hand. As every Bridge player knows, the success of 
playing a hand depends to a large extent upon remember- 
ing (1) the bidding and (2) each play that has gone 
before the present move. 

A non-zero-sum game is one in which the gain of one 
player is not necessarily the total loss of another. For 
example, in many purchases we may reasonably assume 
that the value the buyer attaches to the merchandise is 
higher than the price paid, whereas the price paid is at 
least the value attached to the merchandise by the seller. 
Vajda explains a non-zero-sum game with two players by 
the method of thinking of it as a zero-sum three-person 
game, and assuming that any balance between the two 
payments is made up or received by a third player who 
has no influence upon the progress of the game and 
whose only purpose is that of making or receiving pay- 
ments. (23) To generalize, there are n-person games in 
which n opponents play. These may be zero-sum or non- 
zero-sum games, depending upon the balance of all pay- 
ments at the end of the play. 

Games may be cooperative or non-cooperative. The 
former include as a distinguishing feature the possibility 
that the players may form coalitions outside the game 
proper by coordinating the strategies which they will apply 
when the game starts.* Obviously a two-person zero-sum 
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game is always non-cooperative. 

The theory of games approaches the question of what 
is the best procedure for the players by a well-defined 
philosophy, which may be accepted or rejected. For a 
mathematician, it is very attractive because it always leads 
to mathematically interesting results. [As a note of warn- 
ing here, we should interject that, to approach games of 
recreation by means of the theory of games is not for 
the gambler who plays for excitement. The mathematician 
analyses the situation entirely unemotionally; for as soon 
as emotions and excitement enter the game, the mathe- 
matical-logical approach is likely to become obscured, 
and mathematically interesting results can no longer be 
expected. We do not mean to discourage Bridge or Poker 
players, but we feel they deserve to be forewarned that 
their game may not be appreciably improved by reading 
this article!] 

If we consider a game with the players a and b, who 
choose independently one of the values —1, 0, or +1, we 
can denote a’s choice by § and b’s choice by T. Then b 
pays a the amount S(T S) + 1T(T + To obtain an 
overall picture of all possibilities, we may tabulate the 
average potential outcome in a so-called payoff table, 
payoff matrix. 

Any amount a wins must be lost by 4, and therefore, 
the combination of the respective choices is given. We 
shall adhere to the convention that the games of player a 
are indicated, and we shall call him the first (or maxi- 
mizing) player and his opponent, 6, the second (or 
minimizing) player. The latter will try to lead to as small 
an amount in the table as possible, since his gains are 
the negative of the entries. If any entry is negative, the 
first player loses, and the second player wins the absolute 
value of the indicated amount. With these conventions, 
we may think of a game as defined by its payoff table. 
It is, of course, clear that the amount won by a depends 
upon the choice of 6 as well, and yet, we must assume 
that neither player knows (unless he cheats) what the 
other will do. According to the theory of games, we 
may assume that both players argue as follows: “For 
every choice I can make, I must fear that my opponent 
makes a choice that will make my game (or average 
game, if there is a chance move) the smallest possible 
under the circumstances. Hence, if I make that choice 
which makes this smallest game as large as possible, then 
| am as safe as I can ever reasonably expect to be.” 

This is, of course, a very cautious—possibly even a 
defeatist—way of argument, and if a follows the same 
argument, he will observe that he gains at least +2, 0, or 

2, depending on whether he makes S$ —I, 0, or +1. 
He will therefore choose S$ 0, since this gives him the 
most among those safe expectations. Player 6, arguing 
in a similar fashion, will decide to choose T = 0. The 
actual gain of both players will then be zero. 

A combination oj strategies is called a mixed strategy, 
and single strategies are called pure strategies. (23) 
Usually, whenever we speak of strategies, we mean 
mixed strategies. A pair of strategies with a certain feature 
of stability is called a solution, and a strategy which ap- 
pears in a solution is called optimal. Any pair (x) and (y) 
is a solution of the game (4;;) if 


\' \' A, 19; max min \ \ 
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* It is, of course, possible (although this has not always met with complete 
success) to consider the arrangement of coordinating strategies as part of the 
game itself and then to exclude outside combinations by the rules of the 


game. This is the arrangement in Bridge 
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where a’s ith and b’s jth strategy will be denoted by 4 
If a uses his pure strategy ” proportions x;: + °° : Xap 
where x, + *** + x, , then we denote this mixed 
strategy by (x) = (x,,..., x,). The mixed strategy of 
b is similarly denoted by (y) = (y,, >» Ym), Where 
¥, + oe* + yp = 1, OF coum x. » Mey ANE Pa 
.. + 5 Y» are all non-negative. This will always be under- 
stood whenever we use the connotation (x) or (y). 

If a and b choose these strategies (x) and (y), respec- 
tively, then the average payoff is 


Ne ae 
; 
i=l i=l 


Consider how the strategies should be chosen: If a chooses 
the strategy (x), for example, then he must fear that b 
will choose that (y) which makes 


>>” 


as small as possible. However, if b can do this by a mixed 
strategy, then he can also do it by at least one pure 
strategy, because this payoff is a weighted average of 


amounts 
\ r;A,; 


y a | 
with positive weights y;, which adds up to unity, and 
which can therefore not be smaller than the smallest of the 


Therefore, a need only scrutinize the pure strategies, and 
note which of them give the smallest payoff for any of 
his own strategies. Given (x), we may write for that 
smallest outcome 


wie A ;2; \ { 
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where j(x) describes that strategy for which the minimum 
is obtained when (x) is given. (23) 

If a wishes to make his minimum as large as he can, 
he will choose his (x) accordingly. He will attempt to 


obtain 
max min \ Ajai max \ Ajeet 


z bal z fat 

It would hardly be justified to speak of an optimum 
strategy without any qualifications, if it could only make 
up a solution with some particular optimum strategy of 
the opponent. However, it may be proved (although we 
shall be unable to include this proof in this article) that, 
if there are strategies of a and b, respectively, which form 
a solution, and if this is also true of the solutions chosen 
by a and Jb, then such solutions exist, and all these pairs 
of strategies (i.e., solutions) produce the same pair. The 
payoff resulting from a solution is called the value of 
a game. Without being able to go into the proof, we 
must ask the reader to accept, as a fundamental fact 
in the theory of games, that every zero-sum two-person 
game with a finite number of strategies has a solution, 
possibly in mixed strategies for one or for both of the 
players. A game in which both players use all their 
strategies in their optimum solution is called completely 
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mixed. Matching Pennies and some games with bluffing 
are such games. The concept of dominance may be 
illustrated in some games. We say that a pure strategy 
dominates another of the same player if, for any choice 
of the opponent, the first is at least as favorable as the 


other, and for at least one choice is definitely better. 


Linear Programming 


Linear programming describes the solution of the fol- 
lowing problem. Let a set of equations or constraints be 
given as follows 


(104) 


Let us try to find non-negative values of the variables 
which satisfy the constraint and make the 
value of a given linear form. 


\ ins 


(105) 
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as small as possible. We may assume that the m equations 
are not linearly dependent, because otherwise we could 
drop one, or more, of them. The same problem, but 
without the conditions that the variables must be non- 
negative, can be transformed into the above by sub- 
stituting 


Moreover, the above form is also appropriate to represent 
the case and some, or all, equations are replaced by 
inequalities 


(106) 


a; 


is equivalent to 


a 
(107) 
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with the proviso that x, j is also non-negative. We call 
these x j additional, or slack, variables. If we wanted 
to maximize a given linear form, then we could reduce 
this problem to the previous problem by requiring that 
the negative of the linear form should be minimized. In 
this case, we must, of course, change the sign of the 
smallest value in a minimized linear form in order to 
obtain the largest value of the original linear form which 
was to be maximized. Alternatively, we could consider 
the maximizing problem as one in its own right, and we 
shall therefore speak of “optimizing” whenever we mean 
either maximizing or minimizing. 


Chance 


Probability is opposed to certitude. It is what we do 
not know and Consequently, it seems, what we could not 
calculate. This is (apparently, at least) a contradiction 
about which much has been written throughout the 
centuries : 

The ancients distinguished between phenomena seem- 
ingly obeying a harmonious law, and those which seemed 
unpredictable and, therefore, attributable to chance. How- 
ever, in each domain, they thought, the precise laws do 
not decide everything; they only draw limits within which 
chance might act. In this concept, the word “chance” has 
a precise and objective meaning: what is chance for one 
is also chance for another, even for the gods. Modern 
science has come back to something like the ancient 
point of view and has abandoned the belief in a certain 
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determination in which every phenomenon (at least in 
the inorganic world) has a cause. A mind _ possessing 
infinite power and information about the laws of nature 
may infer any event from the beginning of centuries. 
Against such a mind, anyone less accomplished should 
never play a game of chance—he would always lose! 
If we believe that chance is only the measure of our ignor- 
ance, these fortuitous phenomena are, by definition, the 
laws we do not know. This definition is not altogether satis- 
factory. Among phenomena whose causes are unknown we 
must distinguish those about which the calculated prob- 
abilities will provisionally give information, from those 
which are not fortuitous and of which we can say nothing 
as long as we have not determined the laws governing 
them. For the fortuitous phenomena themselves, it is clear 
that the information given us by the theory of probabilitrés 
will not cease to be true as soon as these phenomena are 
better understood. For example, a director of a life- 
insurance company does not know when each of the 
insured will die, but he relies upon the calculus of prob- 
abilities and upon the law of great numbers, and he is 
justified in so doing as long as he continues to pay divi- 
dends to his stockholders. (24). To define “chance,” we 
must examine some of the facts which we agree to regard 
as fortuitious and to which the calculus of probability 
seems to apply. Let us investigate, for example, unstable 
equilibrium. If a cone is stood upon its apex, we, know 
that it will fall, but we do not know to which side it 
will fall. It is then said that chance alone will decide. 
If the cone were perfectly symmetrical, if its axis were 
perfectly vertical, if it were acted upon by no force other 
than gravity, it would not fall at all. But the least defect 
in symmetry will make it lean slightly toward one side or 
the other; and if it leans (however little), it will fall 
altogether toward that side. Even if the symmetry were 
perfect, a slight tremor or a breath of air could make it 
incline enough to determine its fall. 

A very slight cause, which easily escapes us, determines 
the considerable effect which is quite obvious and which 

-because the cause escaped us—we call “due to chance.” 
If we could know the laws of nature exactly, and the 
situation of the universe at the initial instant, should we 
not be able to predict exactly the situation of this same 
universe at a subsequent instant? But if we know the 
initial situation only approximately, and if that commits 
us to proceed subsequently with the same degree of 
approximation, then we say that the phenomenon has 
been predicted and that it is ruled by laws. But this is not 
always so: slight differences, or a minute error, in the 
initial conditions may cause erroneous differences in the 
final phenomena. Their prediction becomes impossible and 
we are dealing with a phenomenon of “pure chance.” 
For example, in the game of roulette, the outcome (i.e., 
the final resting place of the pointer) depends upon the 
initial impulse which sets the pointer spinning about its 
pivot. Thus, the final resting place of the pointer is pre- 
determined by the initial impulse. Yet, the differences in 
the impulse are so minute that our muscular sense cannot 
discern them, and it is impossible to foresee the result; 
hence, roulette is truly a game of chance. 

There are certain difficulties in the application of the 
calculus of probability to the exact sciences. Why are the 
decimals of the table of logarithms distributed in ac- 
cordance with the laws of chance? Again, it is clear that 
a slight difference of argument will give a slight difference 
of logarithm, but a great difference in the sixth decimal 
of the logarithm. Again, we find the same criterion! When 
we find, for example, a round number, we say that such 
a result cannot be due to chance, and we try to find an 
explanation. It is true that, among 10,000 numbers, there 
is only a very slight probability that chance will give a 
round number—for example, the number 10,000. There 
is only one chance in 10,000 for this to occur, but there 
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is also only one chance in 10,000 for any other one 
number to occur! 


The Concepts of Games 


We have explained some of the widely used terminology 
before, and need now to add thereto. In everyday usage, 
there is no distinction made between a play and the game. 
For example, in Chess, in Poker and in many sports, this 
differentiation is rarely made. In Bridge, a play corre- 
sponds to a rubber, in tennis to a set. Unfortunately, in 
these games, certain components of the play are again 
called games. (The French have a less ambiguous ter- 
minology; a game is called jeu, and a play is called partie.) 
Note that, in the theory of games, one must distinguish 
between the abstract concept of a game and the individual 
plays of that game. A game is simply the totality of the 
rules which describe it, but each particular instance at 
which the game is played in a particular way from 
beginning to end is a play. (2/) 

Anteriority and preliminarity are the same things in 
games where the players who make a personal move are 
informed about the outcome of the choices of all anterior 
moves. Chess is a typical representative of this class of 
games of “perfect” information. Such games are usually 
considered to be of a particularly rational character. Chess 
is further distinguished in that it involves only personal 
moves; i.e., there are no chance moves. However, it is 
also possible to keep preliminarity and anteriority in games 
which contain chance moves. For example, Backgammon 
is in this classification. The chance moves in Backgammon 
are the dice throws which decide the total number of 
steps by which each player’s “men” may alternately ad- 
vance. The personal moves, of course, are the decisions by 
which a player partitions that total number of steps allotted 
to him ampng his individual men, as well as his decision 
to double the risk in his alternative to accept or give up 
when his opponent doubles. In every move, however, the 
outcome of the choices of all anterior moves is visible 
to all on the board. One might doubt whether the presence 
of chance moves does not vitiate the rational character 
of the game. Von Neumann does not consider it important 
whether all moves are personal or not, but believes the 
essential fact to be the coincidence between the pre- 
liminarity and anteriority. (2/) 

There are games in which anteriority does not imply 
preliminarity. For example, in many games, a player who 
makes a personal move is not informed about everything 
that happened previously. These games usually contain 
chance moves as well as personal moves. General opinion 
considers them as being of a mixed character, and while 
their outcome is definitely dependent upon chance, they 
are also strongly influenced by the strategic abilities of 
the players. Poker and Bridge are good examples of this 
type of game. These two games show also what peculiar 
features the notion of preliminarity can present, once it 
has been separated from anteriority. Anteriority (namely, 
the chronological ordering of the moves) possesses the 
property of transitivity if M, is anterior to M,, and M, 
to M,, then M, is anterior to M,. Preliminarity, however, 
need not be transitive (indeed, it is neither in Poker or 
in Bridge) and the conditions under which this occurs 
are quite characteristic. 

e Poker and Bridge. (2/]) If M,, is the deal of his hand 
to player a, this is a chance move. The first bid of player 
a is M,, the personal move of a. M, may be the first (sub- 
sequent) bid of player b, which is a personal move of b; 
then, M, is anterior to M, and M, to M,, but M), is 
not preliminary to M,. Player a makes his first bid know- 
ing his own hand; player b makes his first bid knowing 
a’s (preceding) first bid, but at the same time 4 is ignorant 
of a’s hand. Thus there is intransitivity, but it involves 
both players. Indeed, it may at first seem unlikely that 
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preliminarity could in any game be intransitive among 
the personal moves of one particular player. It would 
require an ability to “forget,” between the moves M, and 
M,, the outcome of the choice connected with M, (which 
we assume to be preliminary to M,, and M, to M,, but 
M,, not to M,). It is difficult to see how this “forgetting” 
could be achieved or even enforced among human players. 
Only a machine could be so programmed. (2/, 22) 
Although Bridge is played by four persons, which we 
shall denote N, W, S, and E, it may be classified as a 
two-person game, since N and S§ form a combination, 
which is more than just a voluntary coalition, and so do 
E and W. If N were to cooperate with E or W instead of 
with S, this would be called “cheating” in the same sense 
in which it would be called “cheating” to look into E’s 
hand, or fail to follow suit during the play. In other 
words, it would be a violation of the rules of the game. 
If three or more persons play Poker, then it is perfectly 
permissible for two or more of them to cooperate against 
another player when their interests are parallel. But in 
Bridge, N and S (and, similarly, E and W) must cooperate, 
whereas N and E are forbidden to cooperate. The natural 
way to describe this consists in declaring that N and S§ 
really are one player, a, and that E and W are really one 
player, b; or equivalently, we say that Bridge is a two- 
person game, but that the two players, a and b, do not 
play themselves; that player a acts through two represen- 
tatives, N and S, and that player b acts through two 
representatives, E and W. Consider now the representatives 
of a, namely N and S. The rules of the game restrict 
communication—i.e., the exchange of information be- 
tween them. For example, if M, is the deal of his hand 
to N, this is a chance move. M,, the first card played by 
N, is a personal move of a. M,, the card played into this 
trick by S, is a personal move of player a. Thus, M, is 
preliminary to M,, and M), is preliminary to My, but My, 
is not preliminary to M,. In other words, N plays his first 
card knowing his own hand; S$ contributes to this trick 
knowing the initiating card played by N, but at the same 
time, being ignorant of N’s hand. Thus again we have 
intransitivity, but this time it involves only one player. 
We may note how the necessary “forgetting” of My 
between M, and M, was achieved by “splitting the per- 
sonality” of player a into N and S. Intransitivity of the 
relation of preliminarity corresponds to the very well- 
known component of practical strategy: namely, the pos- 
sibility of “signaling.” If knowledge of M, is not available 
at M,, but it is possible to observe M,’s outcome in M,, 
and M, has been influenced by M, (merely by the 
knowledge of M,’s outcome), then M), is merely a signal 
from M, to M,—a device which (indirectly) :relays in- 
formation. Now, two opposite situations develop, accord- 
ing to whether M, and M, are moves of the same player 
or of two different players. In the first case, the interest 
of the player lies in promoting the signaling—namely, the 
spreading of information “within his own organization.” 
This desire, of course, finds its realization in the elaborate 
system of “conventions” or “signals” in Bridge. This kind 
of signaling is perfectly fair in Bridge, if it is carried out 
by actions provided for by the conventions of the game. 
For example, it is correct for N and S—the two com- 
ponents of player a—to agree, before the play begins, that 
a second bid of “Two No-Trump” indicates a weakness. 
But it is incorrect—i.e., “cheating’—to indicate a weak- 
ness by inflection of the voice at bidding, or by tapping 
on the table, or kicking your partner’s shin under the 
table during the game. Conventional signals are parts of 
the strategy and not of the rules of the game. Consequent- 
ly, they may vary while the game of Bridge remains the 
same. These rules may even be different for the two 
players (namely, for N and S on one hand, and E and W 
on the other), but within the organization of one player 
—namely, for a and S—they must agree. At least, it is 
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desirable for them to agree, if the game is not to deteriorate 
into a purely “chance” falling of cards. 

In the game of Poker, the interest of the player lies 
in preventing such signaling—namely, the spreading of 
information to his opponent. This is usually achieved by 
irregular and seemingly illogical behavior, which makes 
it harder for the opponent to draw inferences from the 
outcome of any move which he sees concerning the out- 
come of another move of which he has no direct news. 
Such procedure then makes the signal uncertain and 
ambiguous, and this, of course, is the function of “bluff- 
ing.” Such procedures are usually called direct and in- 
verted signaling. It should be added that inverted signaling 
—namely, misleading the opponent—occurs in almost all 
games, including Bridge. This is so, since it is based upon 
the intransitivity of preliminarity when several players 
are involved, which is easy to achieve. Direct signaling, 
on the other hand, is fairer—and Poker contains no 
vestige of it. Indeed, it implies the intransitivity of pre- 
liminarity, and only one player is involved; it requires, 
namely, a well-regulated forgetfulness, which is obtained 
in Bridge by the device of splitting the player into two 
persons. Both kinds of signaling, the direct and the in- 
verted, lead to a delicate problem of balancing in actual 
playing—namely, the process of trying to define good, 
rational playing. Any attempt to signal more, or to signal 
less, than unsophisticated playing would involve neces- 
sitates deviations from the unsophisticated way of play- 
ing. This is usually possible only at a definite cost—the 
direct consequences, or losses. Thus, the problem is to 
adjust this extra signaling so that its advantages (by 
affording or withholding information) overbalance the 
losses, which it causes directly. This, then, involves some- 
thing like the search for an optimum, although it is not 
easy to make this clearly defined. 

All the important examples of intransitive preliminarity 
are games containing chance moves, which is peculiar, 
because there is no apparent connection between the two 
phenomena. (The presence or absence of chance moves 
is immaterial in this case.) In considering the following 
games, we are making certain assumptions. First of all, 
we are considering games without any extraneous tricks— 
in other words, these are card games in which all cards 
will eventually be uncovered, or other games in which 
all deals are visible. (There are, of course, card games 
in which players may discard some cards without un- 
covering them, and are allowed to take up, or otherwise 
use openly, part of their discards later. There exists also 
a game of double-blind chess, sometimes called Kriegs- 
spiel, which belongs to this class, and in which each 
player knows about the possibilities of the other’s anterior 
choices without knowing the choices themselves. This 
possibility is, then, a function of all anterior choices.) 
We shall also assume that these plays, while they do not 
have a fixed length,* do have stock rules bounded by 
suitable but definitely fixed numbers. (This sub-rule is an 
essential part of the game. It is quite easy, in most games, 
to find a fixed upper bound; however, the conventional 
form of the rules of the game does not exclude the 
possibility that they might, under exceptional conditions, 
go on ad infinitum.) In all these games, practical safe- 
guards have been subsequently incorporated into the 
rules with the purpose of securing the existence of such 
a boundary. It must be said, however, that these safe- 
guards are not always absolutely effective. Although the 
intention is clear in every instance, and even where 
exceptional infinite plays exist, they are of little practical 
importance. It is quite instructive, at least from a mathe- 
matical point of view, to discuss these typical examples: 
in Poker, a priori, two players could keep overbidding 


* The length of the game depends upon all choices made in connection with 


all moves, since it will depend upon the length of the game whether certain 
moves occur at all. 
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each other ad infinitum. It is, therefore, customary to add 
to the rules one that provides the limiting of the per- 
missible number of overbids. The amount of the bids is 
usually also limited, so as to make the number of alterna- 
tives of these personal moves finite. This, of course, 
secures the boundary. In Bridge, the play, a rubber, could 
go on forever if both sides invariably fail to make their 
contract. It is not inconceivable that the side which is in 
danger of losing the rubber could, in this way, perman- 
ently prevent the completion of the play by absurdly 
high bids. This is not done in practice, although there is 
nothing expressly in the rules of the game to prevent it. 
Possibly, it would be a good idea to introduce some such 
rule in Bridge. 

e Chess. It is easy to construct sequences of choices 
and plan modes, particularly in the end game, which can 
go on ad infinitum without ever ending the play—i.e., by 
introducing a checkmate. The simplest ones are periodical 
—namely, indefinite repetition of the same cycle of 
choices—but there exist non-periodical ones as well. All 
of them offer a very real possibility for the player who 
is in danger of losing to secure a tie. For this reason, 
various tie rules or sub-rules are in use just to prevent 
such a phenomenon. One well-known tie rule says that 
any cycle of choices—namely, any sequence of moves 
three times repeated—terminates the play by a tie. (2/7, 22) 


Game Theory as an Aid in Choosing a 
Communication System (2/, 22, 23, 25, 26, 27) 


The value of game theory in the analysis of communi- 
cation systems is derived from the assistance it provides 
in deciding on the merits of one or more systems among 
a group of alternatives. Many problems in communica- 
tion, as in other branches of economics and science, have 
similar basic structures and the game-theory analysis con- 
sists essentially of describing the consequences of each 
action in a way which makes possible a quantitative com- 
parison of their merits. Game theory is simply a decision 
theory applicable to conflict situations. 

A conflict situation can be roughly divided into two 
classes. The simpler concerns a single decision maker, 
and the conflict involved is to choose that alternative 
from a group of alternatives which maximizes utility, 
subject perhaps to some constraining conditions. The other 
class is more complex, since the actions of one or more 
competing decision-makers must be taken into account. 
The consequences of an action by one decision-maker, 
therefore, depend not only on his action, but also upon 
the actions chosen by the competing decision makers 
from among their alternatives. 

The establishment of merit criteria for communication 
systems for the purpose of rating them for use in various 
operational situations involves a complicated decision 
process. This decision process involves two basic steps. 
The first step is that the decision-maker must estimate 
the probabilities of certain operational situations occurring, 
since they cannot, in general, be precisely determined. 
This involves a judgment on the part of the decision- 
maker, which is based on available, but perhaps incom- 
plete, data. The second step is to make his decisions with 
regard to a choice of system with the aid of utility or 
cost functions, the assignment of which involves value 
judgments. Since value judgments may have a strong 
subjective character, it is of interest to determine how 
sensitive they are in influencing decisions. 

It will be the aim of this section to suggest how game- 
theory methods may be used in comparative evaluations 
of systems and to illustrate this by means of an example. 
In particular, the discussion indicates how a final decision 
depends on a priori probabilities of loading and noise 
conditions, and suggests how decisions are affected by the 
form of the utility function. 
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General Kelationships for 
Rectangular Games 


Essential to the analysis of a game is the specification 
and definition of its component parts. This analysis is 
restricted to two opposing decision-makers or players 
(they may be labeled Blue and Red), the classes of 
friendly and enemy strategies, respectively. In the conflict 
situation of the first type, in which only one decision- 
maker is present, Red may represent what is generally 
called Nature’s strategy. In general, Blue may have m 
available strategies and Red, n available strategies. The 
consequence of using an ith strategy for Blue against a 
jth strategy for Red is represented by a payoff or utility 
number, u;;. The set of all possible payoff numbers is 
represented by a payoff matrix (u;;). The value of a game, 
or alternatively, the net average utility value to Blue, is 
denoted by g. very rectangular game has a specific value, 
g, and it is unique. There exists for each player a best 
strategy: namely, there exists for Blue the frequencies 
Xq, Xap ss + y Xpy BUCH that x, + X,+°° + + x, = 1, and 
such that if he uses his first strategy with a frequency x,, 
his second strategy with a frequency x., etc., then he can 
assure himself an expected gain of g. Similarly, for Red 
there exists a best strategy y,,y., ..., Y,, where y, + 
Yotrret+y, 1, such that if his alternatives are 
chosen with these frequencies, he can assure himself of, 
at most, a loss of g. Note, of course, that g may in general 
be negative, so that the meaning of the value of the 
game is reversed. 

The general rectangular game can be depicted in matrix 
form as shown below: 


Red 


Frequencies 
—| ¥; 


| 
| 
Plan| 1 


uly 
Ud} 


It can be readily shown that the (m + n + 1) unknowns 
i Mass m2 het Fas ie y,; and g can be found from 
the following (m ) relations: 


a + Me tees =l1;x%>0 
AT Re Pie + Be SSeS 
Ti; + Tolle; + ++> 
Yillr + Yetia + °° + Yatlin <Q fori = 1,2, ... 


The restraints x; > 0 and y,; > 0 are added since negative 
frequencies have no meaning. The theorems of game theory 
assure the existence of a solution to these relations. The 
value of g is unique; however, a game may have several 
or even an infinite number of solutions for x; and y,. 
These problems or sets of equations can be solved either 
by ordinary algebra, graphic devices, matrix algebra or 
iteration. 

e Application. The following example is chosen to 
illustrate how game theory techniques can be used in 
the evaluation of communication systems. In this example 
it is desired to choose one of three communication systems 
for use in an operational situation which has properties 
that can only be forecasted. More specifically, it is as- 
sumed that the operational situation can be characterized 
by either light, medium or heavy loading conditions hav- 
ing the forecasted occurrence probabilities of y,, y,, and 
y,. Note that in the analysis that follows, the results 
hold also for an operational situation in which the ex- 
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pected signal-to-noise ratio can only be assumed. That is, 
Vis Ym» Yp Can denote the probabilities of low, medium, 
and high signal-to-noise ratios. These situations can be 
represented by the following matrix: 


Red 


0; 02 03 


Uj2 
So U2 Ug 


S; Ug3 


where S; is the ith communication system, 0; is the jth 
operational situation, and u;; is the utility of the ijth 
combination. Let y;, y,, and y, be the probabilities of 0,, 
0, and 0,, respectively. 

If the y,’s were precisely known, the choice of system 
S; would involve merely the calculation of the average 
utility for S,, S,, and S,. That alternative which resulted 
in maximum average utility would be chosen. That is, 
choose the S; which gives 


max yi 
‘ 


i 


(109) 


Since the y;’s are not known exactly, the decision-maker 
should determine the deviations in the y,’s which, if ex- 
ceeded, result in a different choice of system. This can 
be done by solving for the deviations in the y,;’s which 
will just equalize the expected average utilities for these 
systems. These utility-equalizing y,’s can be readily de- 
termined if the problem is regarded as a two-person, 
zero-sum game, where the players are the decision-maker 
and “Nature,” or the possible status of loading, or noise. 
Strictly speaking, this is a one-person non-zero-sum game, 
but it is mathematically equivalent to the two-person 
zero-sum model. The probabilities that make the decision- 
maker indifferent can be determined from the following 
equations: 


(110) 
(111) 
Yin + Y¥mUse + Yas = 9 (112) 

yu + ym + wn =1 (113) 


where g is the value, or the average utility, of the game. 
Using determinants and the constraining relation to evalu- 
ate g gives: 


yu + Ym + Yala = G 


Ya + YmU2 + Yale = Gg 


ee) 


* (B) + ©) 
wadetes | 3 


(114) 


1 
, (A) + ©) 
1 
" OF® 
re 


(115) 


(116) 


where 
(A) = uy. (ues — Usa) + Uee (uss — Uis) +Us2 (Uig — U2) (117) 
(B) = uy; (ux — Us) + es (usr — Un) + Uss (Un — Un) (118) 
(C) = uy (ux — Ug) + Un (Use — U2) + Un (U2 — Uae) (119) 


For convenience, relabel the y,’s determined from Eqs 
(114) through (116) to y’;’s. If the y’,’s differ appreciably 
from the reasonable or forecasted values y;, drop from 
consideration the system which results in lowest average 
utility. More specifically, suppose light, medium and heavy 
loading were estimated as being equally probable—i.e., 
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all y,;s are 1%. Furthermore, assume that the average 
utility of S, was less than average utilities of S, and S,. 
Now, if after playing the game with “Nature,” it is found 
that y’, is % or 100 per cent different from its estimated 
value and, moreover, that u,, > u,. > u,,, the system S, 
can be rejected with more confidence than previously. 
Stated in another manner, if S, represents a complex sys- 
tem designed and built specifically for heavy loading, it 
may be foolish to employ it in any situation for which 
the probability of heavy loading is not reasonably high. 
The utility values must reflect the “cost” conditions of 
excess capacity and lack of capacity in variable traffic 
conditions. 

This process can then be repeated for the two remain- 
ing strategies in order to get further estimates on the 
critical probabilities which would cause a change in deci- 
sion from one system to the other. This can be done by 
solving Eqs (111), (112) and (113) simultaneously. 
This method, which is a simple application of the theory 
of a two-person, zero-sum game, enables the decision- 
maker to place confidence limits on his decisions. 

For completion, consider a numerical example which 
shows how this decision-process works. Assume the fol- 
lowing utility game matrix: 


Red 
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6. NON-LINEAR AND 
SWITCHING OPERATION 
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Having previously treated the application of transistors to amplifier 


circuits, in this final part of the series we turn to transistors as switch- 


ing devices. Switching is considered both as a static and a dynamic 


operation. One of tle most important characteristics of the switched 


transistor is switching time, which is effective in determining the 


overall power dissipation of the device. 


ALBERT A. SORENSEN 

Research and Development Division 
Space TecHNOLOGY Laporatories, INc. 
Los Angeles, California 


IN PRECEDING PARTS of this series, when the transistor 
was assumed to be operating linearly, the operating point 
was essentially constant and the emitter or collector volt- 
age or current swung equally on either side of the oper- 
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ating point. This swing was restricted to the “linear” 
portion of the characteristics, where a sinusoidal input 
produces an output of approximately the same shape. 
(The harmonic distortion is thus relatively small.) A 
bias was necessary to determine the operating point and 
to provide stability for that point. If the operating point 
changed, the impedances, gains, etc. also changed, and 
“clipping” of the voltage or current waveforms resulted. 
This clipping was caused by the fact that the voltage or 
current swing carried the instantaneous operating point 
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Fig. 55 — Collector characteristics of common-emitter transistor, 
showing operating regions. 


into either the “cutoff” or “saturation” region of the 
characteristics. 

In considering switched transistors, we are interested 
in carrying the instantaneous operating point into the 
cutoff and saturation regions. We are no longer interested 
in obtaining linear operation; instead, we strive to make 
the transistor completely non-linear. Because of these 
factors, small-signal parameters and small-signal assump- 
tions are no longer valid and will not be used. 

A transistor may be assumed to operate in one of three 
different regions: saturation, linear, and cutoff. The 


Static Operation. The three regions of transistor 
operation may be exactly defined as follows: 


I. Collector current cutoff: emitter and collector junctions 
both reverse-biased. 

II. Linear: emitter forward-biased and collector reverse- 
biased. 

Ill. Current saturation: emitter and collector junctions 
both forward-biased. 


These biases as given are defined with respect to the 
base region and are applicable to both n-p-n and p-n-p 
transistors. Note that “forward-biased” means “+ to —” 
for a p-n junction (associate plus with p and minus with 
n). Figure 56 shows these bias polarities for reference. 

The transistor may be thought of as consisting of two 
diodes: the emitter-base diode and the base-collector 
diode. In regions I and III, these diodes are either on 
or off, and the diode equations are applicable. The diode 
equation was given in Eq (37) as 

I = [fev "T — 1) (243) 
where J, is the diode reverse saturation current and 
kT/q = 26 mv at T = 300 K. 
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regions will be defined more exactly later; however, their 
approximate extents are shown in Fig. 55* on the col- 
lector characteristics for a common-emitter connection. 
In switched operation, the instantaneous operating point 
is switched rapidly from point A (saturation) to B (cut- 
off) and back, producing a square-wave output. The 
purposes of this type of operation are many: to cut down 
on power dissipation, to provide greater power output, 
for use in logic circuits such as flip-flops, and for func- 
tioning as a switch. 

In considering the transistor as a switch, if the operat- 
ing point is in the saturation region, the transistor is 
essentially “on” with only a small voltage drop between 
collector and emitter. If the operating point is in the 
cutoff region, the transistor is essentially ‘off’, with only 
a very small leakage current. The magnitudes of the “on” 
voltage drop and the “off” leakage current determine 
to what degree the transistor is successful as a switch. 
In general, the two values are functions of various factors, 
including the transistor itself, the drive, etc.; they will 
be discussed in detail later under “Static Operation.” 

To be discussed under “Dynamic Operation” is switch- 
ing speed. It has been mentioned previously that rapid 
switching is desirable to provide high switching rates, 
low power dissipation, etc. Switching speeds are also 
determined by the parameters of the transistor and other 
factors in the circuit. 

While the transistor is being switched through the 
linear region, the instantaneous power dissipation may 
be very high; but, as long as the operating points in the 
saturation and cutoff regions are within the maximum 
collector power dissipation rating, the linear region may 
be largely ignored. This is true, however, only if the 
switching speeds are high enough that the total average 
power dissipated is within limits. This fact allows the 
switched transistor to handle very high power. 


* Figure numbers and equation numbers continue in sequence from previous 
articles in this series. 


It is possible to obtain a pair of simultaneous non- 
linear equations which relate the various currents and 
voltages at emitter and collector. They are developed 
from the two-diode transistor model and Eq (243) : 


(244) 


} I, = yu(e%""T — 1) + yu(e%? — 1) 


I, = yn(e%e"? — 1) + yale"? — 1) 


In these equations, V, and V, are defined as positive for 
a voltage drop from p material to n material to accommo- 
date both p-n-p and n-p-n transistors. The parameters 
VYi1s Yio, etc., are general parameters to be determined 
and are not the ordinary transistor Y parameters. The 
equations are developed under the assumptions that all 
semiconductor material has low ohmic resistivity and 
that the current densities are relatively low. The current 
across one junction is, under all bias conditions, de- 
termined by the voltage across that junction and the 
voltage across the other junction. 

The only difference between the emitter and the col- 
lector in any transistor is the physical size of the junction 
and the impurity density or doping. Thus a common, 
non-symmetrically constructed transistor may be oper- 
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ated with the emitter and collector interchanged. In such 
an inverted connection, the main difference would be a 
reduction in gain. Completely symmetrical “bilateral” 
transistors are also made. 

It may be shown in all cases that 


Yi2 = Ya (245) 


The various y coefficients may be determined from four 
transistor parameters: 


I 49 == collector-base saturation current with I], = 0 

ebo == emitter-base saturation current with J, == 0 

a, == common-base current gain (normal alpha) 
a; == same as a,, with collector and emitter interchanged 


(inverted alpha) 


Note that /,,, and /,,, must be measured at low voltages 
(about 2 volts). To measure a, V, must be approximately 
zero; and to measure a;, V, must be approximately zero. 
The a, and a; are best determined by measuring 8, and 
8; and using the following equations: 


sila 
Bn + ] 


An 


and a = 2" (246) 


Considering all currents flowing into the transistor as 
being positive, /,,, and /,,. are positive for n-p-n and 
negative for p-n-p units. 

It may be shown that 


anl ebo = ail obo (247) 


Therefore only three of the quantities are independent. 
To find the y coefficients, first assume |—V ,|>>kT/q 
(collector reverse-biased). Then 


(eavekT — 1) 1 


and 


(248) 


. = yee? — 1) — yu 
I, = yaetvel#T — 1) — yon 


Solving the first part of Eq (248) for (e%-/*? — 1) and 
substituting this in the second part, 


I. = Ya I, + (“2 ooh yn) (249) 


Yu Yu 
which can be written 
I, —_) 7 onl, + Bas 250) 


Similarly, if the emitter is reverse-biased (|—V,| >> 
kT/q), then 


I, = — ale + Tito (251) 


Equations (250) and (251) are not unexpected, since, in 
the linear region, similar expressions were obtained for 
the common-base connection. The y coefficients may now 
be shown to be 


— Tete 
1 — ana 


ea ail edo 
~a Cp 
1 — ana; 


nT eto —le 


ya = 
1 — ana; 


1 —~ Ani 
Substituting these into Eq (244), 


1) + em... (ewVetkT — 1) 


] —~ Ang 
(253) 
Tae 


‘ (eVekT — 1) — ——% _ (eave — ) 
— Ana; 1 —“~ Anat 


I, = _ =o (mV tkT 
1 — ana 


I. ~~ _ an] obo 
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Fig. 56 — Representations of n-p-n and p-n-p transistors, showing 
biasing for different regions. 


These equations apply to the “ideal” transistor. If the 
various ohmic resistance terms are added, some modifica- 
tions become necessary. Also it should be noted that the 
alpha terms are not constant, in that they are functions of 
current and voltage. Regions { and III will now be treated, 
using Eq (253) with suitable modifications. 


@ Region 1—Cutoff: In regions I and II, |—V | >> 
kT/q and 


ie — Teo _ (eavelk? — 1) - 


1 — ana; 


ail bo 


Ll — ana 


L. = and obo 7 (eaVe/kT ae 1) + " Teb0 


Ll — any 1 — ancy; 
Using Eq (247), 


i. = Tb0 


1-— Anas 


(1 — ern) Ito 


eV (kT + 
1 — anai 


(255) 
I, — —anl, + To 


Adding the ohmic resistances of the regions to these 
formulas gives the familiar common-base equivalent 
circuit shown in Fig. 25 of Part 3. 

The lower current limit of the cutoff region is reached 
when |—V,| >> kT/q. (This requires only a few tenths 
of a volt.) Then 


Tasc(1 — orn) 


1 — ana; 


I, = 


1, = [eof = 2) (257) 


1 — anagy 


For the common-base connection, the boundary be- 
tween regions I and II is defined as J, = 0. From Eq 


127 





= ],», and 


= kT/q in (, a ) = Vay (258) 


where V’.»,; is the emitter floating potential or emitter-to- 
base voltage for 7, = 0. This parameter is useful in 
some methods of determining breakdown voltage. 


(255), this is also /, 


@ Regions I1]]—Saturation: For the common-base con- 
nection, the boundary between regions II and III is de- 
fined as V, = 0 or Jy = 1,.(1 — am) /an. In region III, 
both junctions are forward-biased. 
considered as independent variables since the internal 
transistor impedances are so small compared to the ex- 
ternal impedances. We may solve Eq (253) for V, and V, 


kT bial oes 

. > adi 1] ne 

V. = AP in| - 25 + nl : +1] 
q Ibo 


To find V,,, the “on” voltage drop, we note that V,,. = 
+(V. — V.) and I, = — (I, + J). Also taking into 
account Eq (247) and neglecting any drops in emitter 


The currents may be 


(260) 


or collector resistances, it may be shown that 


I (: - =) dae ] 
I, ay Teen \ 
{ 


(261) 
I. T eo 
7,“ eine } 


I, 


In Eq (261), the minus sign applies for p-n-p and the 
plus sign for n-p-n transistors. This formula applies for 
the common-emitter connection and is therefore written 
in terms of J, and J,. Note that a; and a, are functions 
of J, and J, and that I4./I, << 1. 


Formulas may be developed for V,,. for the common- 


base and common-collector connections from Eq (261) 


by noting that /, = — (I. + I;) 
(I, + I.) 


and that /, = — 


. For the common-base connection 


kT CI. + al 


: Tso) Tet 
Vee = + = = 
Sti tad 


To) Lebo 


For the common-collector connection, 


= ba e(s*)+ i=-]] 


Ve. = = in - I 
S | P = ' £ cbo 
tT, (1 — a.) + L, i 


Again, for the common-emitter connection at the bound- 
ary between regions II and III, /, = /,(1 — an) /an and 


T bo 1 264 
L. (264) 


qd —_ nti) 


An 


The quantity V, is sometimes called the saturation 
voltage of the transistor. Occasionally a saturation re- 
sistance, R,, is mentioned. This is 


dV. 


R= dl, 


an _i — a 


ae - *(1 —_ ale +If1 —a mI (265) 


To be more the voltage drops across the 
emitter and collector resistances, R,, and R,,, should 
be considered. These two quantities are difficult to meas- 
ure. Also, R,, is a function of current. As an approxima- 
tion, for most transistors, 0 < Rp, = Res 10 ohms. 
the larger the transistor, the smaller R,, 


accurate, 


In general, 


and R,,. 


@ Normal Switches. Using the formulas previously 
developed, the on and off conditions for a normal trans- 
istor connection may be obtained. For purposes of illus- 
tration, an n-p-n germanium transistor is used. Currents 
and voltages for the two conditions are shown in Fig. 57. 
The values given are only approximated, although exact 
values could be calculated from the referenced equations. 
The following parameters are assumed: 

: 0.75, Ibo = Teno = 5 pamp, E.- = 20 volts, R,z = 
10,000 ohms, V pecon) 300 millivolts, and V peco;7) 

100 millivolts. 

The illustration may be used as a guide for determin- 
ing current directions, voltage polarities and relative 
magnitudes of voltages and currents. For a p-n-p trans- 
istor, all polarities and current directions should be re- 
versed. For a silicon transistor, the leakage currents 
would be smaller and the V, drops would be larger. 


An = 0.98, aj 


@ Inverted Switches. It was previously noted that the 
transistor can be operated in an inverted connection with 
lower gain resulting. There are a number of features of 
this type of operation which can make its use ad- 
vantageous in spite of the lower gain. As an illustration, 
assume that the transistor parameters are: Poms = Fins 
0.98, and a; = 0.75. When the inverted 
connection is used, the same formulas, previously de- 
veloped, are used with a; and a, interchanged and I, 
and /,,,. interchanged. 

For this example and for normal common-emitter con- 
nection, the off currents are /, == 0.375 pamp, /, = 4.72 
= 5.095 amp as determined by Eqs (256) 
For the normal connection, the load current. 


> pamp, an = 


pamp and J, = 
and (257). 
which is of importance, is the collector current. For the 
inverted connection, however, the load current is J,, 
which is much less. The first important advantage of the 
inverted connection is lower leakage current. 

The on transistor voltage drop (assuming E,, = 20 
volts, R, == 2000 ohms, and J, = 500 pamp) is 68 milli- 
volts for the normal connection (common-emitter) and 
4.95 millivolts for the inverted connection [from Eq 
(261) ]. The second important advantage of the inverted 
connection is therefore a lower forward voltage drop. 
It can then be seen that, in those cases where the lower 
gain is not important, the inverted connection is superior 
to the normal connection insofar as the degree to which 
a perfect switch can be simulated. 

In most switching circuits, the common-emitter con- 
nection is used because of its higher gain. Another of 
its advantages is that the current and voltage at the out- 
put (the collector) do not reverse as the transistor goes 
from cutoff to saturation. In saturation, the common-base 
collector voltage reverses and the common-collector 
emitter voltage may reverse. In cutoff, the common-col- 
lector emitter current reverses. The common-collector 
circuit requires a voltage on the base greater than the 
supply voltage to turn it completely on. The common-base 
circuit requires an input current greater than the load 
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I,= 0.5 zamp 
[Eq(256)] fe 


+ 


current to turn it on. The primary disadvantage of the 
common-emitter circuit is the need for a voltage on the 
base lower than the emitter voltage to turn it completely 
off. 

The inverted common-emitter connection has the best 
output qualities and still retains many of the advantages 


Dynamic Operation. An important consideration 
in designing transistor circuits involving switching is the 
response time of the transistor. The response, or switch- 
ing, times (or speeds) may determine the maximum 
repetition rate of the transistor or the quickness with 
which a change of states can occur. They may also de- 
fine the portions of time spent in the active region, 
which are important for power dissipation and other 
considerations. Switching time is one of the major limita- 
tions in the application of switching transistors and it 
becomes important to find ways of improving it. 

In general, two switching times are important. These 
are the total rise time and total fall time. Referring to 
Fig. 55, the total rise time is the time taken to change 
the operating point from B (cutoff) to A (saturation). 
(More properly, saturation is considered to be 90 per 
cent of A, since an exponential term is involved.) The 
total fall time is the time from the instant the input 
signal is changed until the operating point has changed 
to within 10 per cent of point B. 

In these considerations of dynamic operation, it is as- 
sumed that the loads are resistive and that collector and 
emitter capacities, C, and C,, may be ignored. In general, 
collector capacity makes rise and fall times slower. 
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I; = 5 zamp 
[Eq( 257) 
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I,= 0.5 ~zamp 
Eq(256)] 


of the normal common-emitter connection. It is often 
used in modulators and demodulators. 

A symmetrical transistor may be used to amplify (or 
switch) signals with equal gain in either direction. Used 
in this manner, the voltage gain is approximately unity in 
each direction if equal signal swings must be handled. 


e@ Time Response Calculations. The rise time of a 
transistor is due to the frequency response of a,. The 
total fall time is the sum of two portions—the fall time 
and the storage time. Storage time is zero if the transistor 
is not run into saturation—that is, if no more input cur- 
rent is applied than is absolutely necessary. (More will 
be said about this later.) Fall time is also due to the 
frequency of a,. A determination of the formulas for 
rise and fall times may be made by an application of 
Laplace transforms to the active-region equations pre- 
viously developed. 

For a common-base circuit, i, == apie, but a, is a 
function of frequency as shown in the following [which 
was previously developed as Eq (90) ]. 


nt 
a an 


a= = = ; 2 
x if ie: a (266) 


feo Wn 


In terms of the frequency domain, this becomes 


TS) atl — An — CinWn 
Fe — lf) en i 
TAS) 1 rs Ss Wn + Ss 


Wr 


For a step input of /,, 7,(S) == 1,/S. Therefore 





—anwnl, 


TS) _ SS 4 = ttn) 


(268) 
Taking the inverse Laplace transform of Eq (268) to 
obtain a function of time, 


—anwal 


I<) = 1, “(eat — 1) = —anl,(e*n* — 1) (269) 


Since the rise time is defined as the time to 0.9 of the 
output, 


—a,l, 
0.9 


(est — 1) 


Solving for t (or t,), the rise time is 
ks is 
7 0.91. 


Dn 
G re z 
An 
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For a common-emitter circuit the rise time may be 


calculated in a similar way to be 


l 
t, In 
a Wy, 0 
qd wn, ‘2 


For a common-collector connection, 


1 anls 


: | 
i-aln” 0.91. 
Hi as et 
Bn 


(273) 


The fall times may be calculated in the same way. For 


a common-emitter connection, 


1 ( i, on Mee 
inn” WL --£ ‘) 


For common-base, 


Ls ( Stale 
ia AOL, 4a -) 


For common collector, 


ty . in| fe — Ine/(1 — an) ] (276) 
w=“ thi —- mo ad 

where /,. and /,.. are the final values of the input currents 

after the transistor is completely off. 

As was previously mentioned, if the transistor is driven 
too far into saturation, an appreciable storage time is 
also present. This storage time results from injected 
minority carriers in the base region when the input cur- 
rent is turned off. Time is required to collect these car- 
riers. The number of hence, the time re- 
quired to collect them are governed by the degree to 
which the transistor is saturated. If the input current is 
no more than that barely necessary to cause saturation, 
the storage time is zero. 


carriers and. 


In the common-emitter and common-collector connec- 
tions, the base current actually reverses sharply during 
the storage time (i.e., at the end of the input “off” pulse). 
This is due to the fact that the stored minority carriers 
are being swept out of the base region. Formulas for the 
storage time have neon developed and are given in Eqs 


(277), (27 


79), where , is the normal a cutoff 
is _ inverted a cutoff frequency. The 
numeral | in a subscript indicates an initial current value 
just before the turn-off pulse. 


78) and | 
frequency and w; 


130 


For common-base, 


6 sen nee Wn +w bs “«-) 
* ew — aol no -- . 


For common-emitter, 


= —n + wi a(; in — 4) 
ae Wy ,oi(1 on he I./Bn -— Ive 


For common-collector, 


(278) 


@n + w% Toe - 070 
= 2719 
t, w,wi(l — ana) in (- Tin + (- = ay -) ( ) 


An example will indicate the relative magnitudes of these 
times. Assume that a, = 0.98, aj = 0.75, o, = 10' 
rad/sec, w; == 10° rad/sec, J, == 2 ma, J), = 100 pamp 
(more than the /,/8, = 40 pamp, which is needed to 
just saturate), J). = 5.5 pamp (reverse base current), 
and (for the common-base connection) /,, == —3 ma 
and [,. = 0.5 pamp. Results are: 


e For the common-base connection, 
t, == 0.096 microsec 
t, == 1.60 microsec 
= 0.23 microsec 


For the common-emitter connection, 
t, 
t, == 3.50 microsec 


= 7.63 microsec 


== 2.25 microsec 


For the common-collector connection, 
t, == 2.13 microsec 
t. == 4.6 microsec 


t; == 7.63 microsec 


common-base, 1.93 
.38 microsec; and common- 


The total rise and fall times are: 
microsec; common-emitter, 13 
collector, 14.36 microsec. The values are only compar- 
able if the driving currents are equal. In that case, the 
common-emitter and common-collector circuits are ac- 
tually faster than the common-base connection. 

To illustrate the overall response time if the transistor 
is not saturated (zero storage time) the common-base 
circuit will yield a total rise and fall time of only 0.56 
microsec if /,, limited to —2.04 ma. In general, if 
the input current which turns the transistor on is in- 
creased, the rise time will decrease but the storage and 
fall times will increase. If the input current which turns 
of the transistor is increased, the storage and fall times 
will be decreased and the rise time will be unaffected. 

Because of storage-time considerations, digital circuits 
that must have high switching rates are not allowed to 
saturate. This can be done by diode clamping and other 
means. Non-saturating circuits are normally an order 
of magnitude faster than saturating circuits. 

Figure 58 shows the switching waveforms and times 
for both a critically driven (unsaturated) and an over- 
criven (saturated) transistor in a common-emitter con- 
figuration. In the saturated case, it is assumed that the 
transistor is 50 per cent overdriven. 

@ Power Consumed during Switching. In considering 
power dissipation in a switching transistor, there are 
saturation, cutoff, switching be- 
saturation (rise time), and switching 


four regions of interest: 
tween cutoff and 
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between saturation and cutoff (fall time). The storage 
time is considered to be part of the saturation time. 
Average power dissipation is the average of the dissi- 
pation in each of the regions. If the duty cycle is low 
(that is, the time spent in switching is small compared 
to the time spent in either saturation or cutoff), the 
power dissipated during swiching may be disregarded. 
In many cases, however, these regions are important 
since the instantaneous power dissipation is so high. 


During saturation the power dissipation is 


Prat = VecBee/Rt (280) 


where V,,. is the forward voltage drop. During cutoff, 
the dissipation is 


Preutosf = Teakagelce (281) 


where I jeakage is determined by Eq (256) or Eq (257). 
For square-wave switching, the average power dissipation 
is the simple average of the two. For non-square-wave 
switching (unequal saturation and cutoff times), a 
weighted average must be taken. 

When the switching time is an appreciable part of the 
total (maybe as little as 0.001 of the time), the power 
dissipation during switching must be considered. This can 
most easily be done by assuming that the rise and fall 
wave shapes are linear rather than exponential with time. 
In general, 


PW) = VAt) X IC (282) 


But 


Vt) = Bee — I(t) X Rt (283) 


If a linear rise is assumed, 


Eee ; 
T(t) = = 


and 
E.2 0c 
PW =R tt — ?/t,) (285) 


To find the average power consumed during the rise time, 
Eq (285) must be integrated from 0 to t, and divided 
by t,. Thus, 


(286) 


Pras = Re iy (t — P/t,)dt 


This comes out to be 


P, ag = E.2/6R1 (287) 


An expression similar to Eq (287) can be obtained for 


Critically driven Over-driven 


Input voltage 


58—Switching waveshapes for a common-emitter transis- 


the fall time. These techniques give a result reasonably 
close to that which would be obtained if the true ex- 
ponential rise and fall were treated. The latter may be 
done, but it is somewhat more difficult. Note that a re- 
sistive load has been assumed. In many cases, the load 
is not resistive but reactive. In such cases the load line 
is not a straight line. It may be an ellipse or some other 
more complicated figure, and the power determination 
is more difficult. 

For such cases it is simpler to calculate power dissipa- 
tion graphically by integrating the instantaneous power 
dissipation from a photo of the switching pattern of the 
transistor. The switching pattern may be obtained on an 
X-Y oscilloscope by placing the current on one channel, 
the voltage on another channel, and modulating the Z- 
axis of the scope trace with a pulse source. Reasonably 
accurate results have been obtained by this method. 

Another technique is to measure the transistor case 
temperature at a given ambient and, using the published 
value of thermal resistance, calculate backward to find 
the average power dissipation. Oooo 
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Summary of Nuclear Radiation Effects on 
Electronic Components and Systems 


Current nuclear-radiation data are reviewed 
for electron tubes, resistors, capacitors, 
relays, switches, terminals, transformers, 


transistors and diodes. 


J. E. DRENNAN and E. N. WYLER 
Barrette MemoriaAt INSTITUTE 
Columbus, Ohio 


ALTHOUGH THE NUCLEAR PHYSICIST is most concerned 
with many “fundamental” particles and their properties 
in considering the effects of nuclear radiation on elec- 
tronic components and systems, it is normally sufficient 
to consider the radiation environment to be made up 
of only alpha, beta and gamma radiation, and neutrons 
and protons. In addition, neutrons are normally separ- 
ated into the two categories of fast and thermal neutrons. 
It must be considered that a device may be subjected to 
various environments sequentially or in combination and 
the possibility exists that environmental interactions may 
lead to failure where the device would probably not fail 
if exposed to segregated environments. 

Factors influencing the stability and inherent reliability 
of components within the radiation environment are 
similar to those influencing their capabilities under any 
other environment. These factors concern the proper 
selection of materials so that the basic function of the 


Nuciear Radiation Environments 


e Reactor Environment: Mixture of gamma, fast- 
neutron and thermal-neutron radiation. 

e Burst Environment: Similar to reactor environ- 
ment, but with a much lower percentage of thermal 
neutrons; high gamma and fast-neutron intensities 
lasting for a very short period of time. 

e Radiation in Van Allen Belts: Mixture of elee- 
trons and protons existing in two major belts sur- 
rounding the earth. In the inner belt, the electron 
energies range from 20 kev to greater than 600 key, 
with fluxes of from 107 to 109 cm-2sec-! while the 
proton energies are greater than 40 mevy with a flux 
of 10* em-2sec-1, In the outer belt, the electron en- 
ergies range from 20 kev to about 2.5 mev, with 
fluxes of from 106 to 108 em-2sec-1; proton energiés 
are greater than 60 mev, with a flux of 102 em-2sec-1. 


component remains unchanged in spite of the application 
of the environmental stress. 

Although much specific application information is not 
presently available, a considerable body of radiation 
effects data does exist. Much of this information has 
been collected at Battelle under the Air Force supported 
Radiation Effects Information Center (REIC). This paper 
presents a review of those reports concerning the effects 
of nuclear radiation on electronic component parts. 


Electron Tubes 


The major effect of radiation on electron tubes is 
damage to glass envelopes and glass-to-metal seals. The 
problem is mainly one of radiation-induced degradation 
of glasses which contain boron. 

In general, the operating characteristics of electron 
tubes are affected relatively little by nuclear radiation. 
Reduction of plate and screen currents, increase in con- 
trol-grid currents, and changes in mutual conductance of 
the order observed for normal operation are encountered. 
With the exception of the problem of the envelope, 
electron tubes will operate in exposures of 4.5 X 10° ergs 
gz? (C) gamma, 10'8(nv,)t, and 5 X 10" fast n cm”. 
‘Zao 

Gas tubes will operate satisfactorily at exposures up 
to 10°" (nv,)t. (2) Slight variations in ionization poten- 
tials and voltage drops across the tubes can be expected. 
Photosensitive tubes are unsatisfactory for use in radia- 
tion fields unless used to monitor the radiation itself. 
Their sensitivity to gamma radiation masks their effective- 
ness as light-sensitive devices. Darkening of the glass 
window reduces the amount of light on the sensitive 
surface, with a resultant decrease in sensitivity. These 
tubes cannot be expected to withstand more than 
10'*(nv,)t. (3) 

Special tubes such as power rectifiers, transmitting 
tubes, magnetrons, klystrons, lighthouse triodes and 
traveling-wave amplifiers can withstand up to 10'*(nv,)t. 


Resistive Components 


The relative radiation resistance of various fixed- 
resistor types in order of increasing sensitivity to radia- 
tion is as follows: precision wirewound, metal film, 
crystalline carbon film, carbon composition, and boro- 
carbon film. 

Precision wirewound resistors appear capable of with- 
standing exposure to nuclear fields well above 10'* fast 
n cm. (4) The changes observed in experiments to date 
show transient resistance changes of the order of one 
per cent. 

The effects of radiation on metal-film and crystalline 


* Italic numerals in parentheses refer to Cited References at end of article. 
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Fig. 1—Estimated effects of nuclear radiation on carbon-composition, deposited carbon-film and metal-film, and precision wire- 


wound resistors. 


carbon-film resistors are greater than those observed for 
precision wirewound resistors. In general, the film re- 
sistors under irradiation tend to increase in resistance, 
with high-resistance units changing more than the low- 
resistance units. One-megohm, nonenergized, carbon-film 
type resistors exposed to approximately 10'*(nv,)t, 2 
< 10" fast n cm and 3 X 10° ergs g' (C) change by 
approximately three per cent during or after exposure. 
(5) The change observed for 100-ohm carbon-film re- 
sistors is near one per cent for a similar radiation en- 
vironment. 

Metal-film resistors are, in general, less sensitive to 
nuclear radiation than their carbon counterparts. Metal- 
film resistors are available that will withstand integrated 
neutron flux of 10'® fast n cm and a gamma dose of 
10'* ergs g? (C) sec”. Post-irradiation measurements 
show that permanent damage results in a resistance 
change of 1.3 per cent from initial for one-megohm re- 
sistors, with essentially no change for 1000-ohm resistors. 
(6) 

Nonenergized, carbon-composition resistors subjected 
to a reactor flux decrease in resistance but show definite 
trends toward recovery after prolonged exposure periods 
and after removal from radiation. Upon exposure to an 
integrated flux of 2.4 X 10° fast n cm~*, an integrated 
thermal neutron flux of 2.4 X 10'8(nv,))t and a gamma 
dose of 6.8 X 10'° ergs g' (C), resistance changes as 
high as 6.8 per cent from initial can be expected for 
resistors up to one megohm. (5) When carbon-composi- 
tion resistors are energized, changes of 4 to 10 per cent 
have been observed for 100,000-ohm to 10-megohm re- 
sistances. (2) These changes occur at fluxes of 7.8 X 
10'*(nv,)t, 2.5 X 10" fast n cm? sec"! and a gamma 
flux of 5.8 X 10* ergs g* (C) sec”. 

Carbon-composition potentiometers exhibit character- 
istics similar to those of carbon-composition resistors: 
resistance changes are negative and some tendency to- 
ward recovery after exposure is evident. No information 
exists describing potentiometer characteristics other than 
the total resistance of the element. However, wirewound 
potentiometers show insignificant change in total re- 
sistance value after irradiation to 10" n cm. 

The charts of Fig. 1 show the estimated effects of 
nuclear radiation on various types of resistors. Informa- 
tion for both in-pile and post-irradiation resistance 
changes are shown under the headings “transient effects” 
and “permanent effects,” respectively. These charts rep- 
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resent the current state-of-the-art knowledge of radiation 
effects on resistors. 


Capacitors 


The capacitor types most resistant to irradiation are 
mica, glass and ceramic. These capacitors are capable 
of operating satisfactorily after total neutron exposure 
of 10** (nv,)t and 10*° fast n cm™. (7) Plastics capaci- 
tors (with nylon, polystyrene, Mylar, or polyethylene 
dielectrics) and paper capacitors can withstand 10**(nvo)t 
and 10** fast n cm~, Oil-filled paper and tantalum elec- 
trolytic capacitors can withstand 10'*(nv,)t and 10 fast 
nem. (8) Regular (boron bearing) electrolytic capaci- 
tors should be avoided in equipment used in radiation 
environment exceeding 10° fast n cm or 10** thermal 
n cm. A comparison of the effects of nuclear radiation 
on various types of capacitors is shown in Fig. 2. 

The insulation resistance of most capacitors can be 
expected to decrease by several orders of magnitude in 
the presence of radiation due to gamma-induced ioniza- 
tion. This phenomenon should be considered in the design 
of equipment. 


Relays, Switches and Terminals 


Because of the use of similar materials, these compon- 
ents encompass three common problems under nuclear 
radiation: insulation breakdown, activation from neu- 
tron bombardment, and severe contact arcing. Relays are 
most susceptible to all forms of degradation because 
winding insulation is involved and the contact spacing 
is usually less than that of switches. The damage thres- 
hold in these devices is primarily dependent upon the 
materials used in their construction. 
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Fig. 2— Amounts of nuclear radiation that various capacitor 
types can reasonably be expected to withstand. 
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Transistors 


Transistors may be affected by nuclear radiation in 
three ways: 


e radiation-induced transient effects that are manifested 
as increased leakage current and induced voltages 

e semi-permanent effects which disappear in a few hours 
after removal of the radiation, and 

e permanent effects which increase as a function of con- 
tinued radiation exposure. 


Silicon transistors are generally more susceptible to 
radiation damage than are germanium units; thick-base 
transistors are more susceptible than thin-base units; both 
the method of encasement and the contents used to back- 
fill the case influence radiation damage susceptibility. 

Junction-forming techniques are also significant with 
regard to transistor nuclear-radiation susceptibility. For 
silicon, the grown- or diffused-junction type of units 
appears to be superior. Collector current increases with 
neutron dose and common-emitter current gain decreases. 
Gamma radiation produces transient changes in collector 
current, common-emitter current gain, and floating poten- 
tial. 

Choice of proper units and proper circuit design will 
enable transistors to function in neutron fluxes up to 
10 to 10°5 fast n cm~ and gamma dose rates up to at 
least 10° ergs g? (C) sec. (9) 

[Factors involved in the choice of unit and circuit 
design have been described in past articles in ELEcTRO- 
TECHNOLOGY (10) with delineation of choice of ma- 
terials and environmental effects. } 


Semiconductor Diodes 


In both germanium point-contact and p-n junction 
diodes, forward conductance decreases and reverse con- 
ductance increases as a function of both gamma and 
neutron radiation. Though both forward and reverse 
conductances decrease with increasing radiation dose in 
silicon point-contact diodes, silicon p-n junction diodes 
behave similarly to germanium diodes in the radiation 
environment. 


The following considerations summarize semiconductor 
diode behavior under nuclear radiation: 


e Fast neutrons affect semiconductor diode forward 
characteristics through changes in the bulk material and 
carrier lifetimes. They affect the reverse characteristics 
through changes in the junction region. 

e Where fast- and thermal-neutron fluxes are of the same 
order of magnitude, the thermal neutrons are not a major 
contributor to the deterioration of semiconductor devices. 

e Gamma radiation causes transient surface damage in 
semiconductor diodes, which results in changes in leakage 
currents; recovery may occur upon removal from the radia- 
tion field. 

e Germanium diodes fail in the reverse direction because 
of exposure to integrated neutron fluxes of 10° fast n cm~? 
or higher. 

e Failure in silicon rectifying devices results primarily 
from deterioration of the forward characteristics. 

e Some silicon-diode types are highly radiation resistant 
and have usable forward characteristics to 10'° fast n cm~2 
in addition to having usable reverse characteristics. 

e Radiation-invoked ionization of air molecules adjacent 
to semiconductor diodes will result in collection of ionized 
molecules on bare diode leads, other conducting surfaces 
and terminals, resulting in currents up to two orders of 
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magnitude larger than those created inside the encapsula- 
tion by radiation. Proper insulation virtually eliminates such 
currents. 


Electronic Systems 

Since an electronic system is made up of components, 
most of the contemporary studies of nuclear radiation 
effects have been concentrated at the component level. 
Studies in which specific electronic systems have been 
exposed to nuclear radiation are for the most part classi- 
fied. However, a few general statements may be made. 

Electronic systems exposed to nuclear radiation will 
generally not operate satisfactorily unless the radiation- 
induced changes in component-part parameters have been 
taken into account during the system design or if only 
radiation-resistant components have been used. 

Nuclear radiation—particularly gamma—will ionize 
air in an electronic system and, unless precautions have 
been taken, arc-overs or excessive leakage currents may 
result. Electronic systems which involve electromagnetic 
radiation (radar, radio, etc.) may be adversely affected 
by the ionization of air resulting from nuclear radiation. 

Electronic systems which include rotating machinery 
will probably be affected by lubricant degradation re- 
sulting from nuclear radiation. O00 
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Computing Machines in Control Systems 


Machine-Tool Control 


Dr. Arthur S. Robinson, Moderator 


In THE December issue of ELEcTRO-TECHNOLOGY, The 
Forum on Computing Machines in Control Systems was 
introduced. The problem — blocks to communication — 
and the basic principles of computing machines in con- 
trol systems were presented. 

This month, John L. McKelvie [B.Sc.(EE) Queen’s 
University, Canada, S.M.(EE) Massachusetts Institute 
of Technology], Supervisory Engineer at Bendix Cor- 
poration, Research Laboratories Division, describes the 
principles of numerically controlled machine tools and 
discusses the different types of systems in use today. 
Mr. McKelvie has been responsible for the development 
of advanced systems concepts for numerical machine- 
tool control, and thus is most familiar with the problems 
encountered in the synthesis of numerical control sys- 
tems. 

ELECTRO-TECHNOLOGY invited experts from the various 
disciplines involved in the synthesis and use of machine- 
tool control systems to meet for an entire day and dis- 
cuss the problems involved as they could see them from 
their various vantage points. Under the excellent guid- 
ance of Dr. Arthur S. Robinson [B.S.(EE) Columbia 
University, M.S.(EE) New York University, D.Eng.Sc. 
(EE) Columbia University], Director of Kollsman In- 
strument Corporation’s Research Division, the panel con- 
sisted of: Mr. McKelvie, representing the system syn- 


thesist’s point of view; Samuel M. Matsa [B.S.(EE) 
Purdue University, M.S.(EE) Massachusetts Institute of 
Technology], Senior Analyst, International Business 
Machines Corporation, who is currently directing the 
development of the IBM autTo-promt System for ma- 
chining three-dimensional parts; Professor Bernard 
Harris (B.E.E. Cooper Union, M.S. Columbia Univers- 
ity), Senior Research Scientist at New York University 
and Adjunct Associate Professor of Electrical Engineer- 
ing, who is the author of numerous papers in the fields 
of communication theory, passive detection and switch- 
ing theory; and Vance Rogers of the Boeing Applied 
Computing Services, who has had considerable experience 
with various types of control systems and who thus con- 
tributes to The Forum the user’s point of view, which 
must be ever-present in the minds of designers of suc- 
cessful control systems. 

The panel discussion starting on page 145 follows 
the stenographic transcript almost verbatim, although 
it had to be somewhat abbreviated. Only repetitions or 
redundancies have been deleted. Headings and footnotes 
have been inserted in order to enable the reader to 
follow only those sections of the discussion which are 
of particular interest to him. 


AuiceE Mary Hitton 
Forum Editor 


Principles of Data Processing in 
Numerical Control of Machine Tools 


JOHN L. McKELVIE 
Supervisory Engineer 
BeNnpix CORPORATION 
Research Laboratories Division 
Southfield, Michigan 
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THE TERM “numerical control” identifies a manufacturing 
technique in which a process is controlled automatically 
by orders (commands) which are introduced in the form 
of numbers. Orders may be entered by means of decade 
switches or dial switches like those used in telephones. 
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Fig. 2— Elementary positioning system, decimal 


Spindle Slide 
Error indicator motion 
=_Pr 


VL LL) 


Machine frame 


Machine 


More usually, however, they are pre-calculated and stored 
in coded form on punched cards, punched tape, or mag- 
netic tape, to be read automatically as required.* 

In the metal-working industry, numerical control has 
been applied to many machining and gaging operations. 
The coded orders consist mainly of numbers representing 
required machine motions—for example, the coordinate 
position at which a hole is to be drilled, or the coordinate 
distances to be travelled in executing a sloping cut are 
identified. Such purely geometrical data are interspersed 
with auxiliary orders consisting of ON-OFF operations, such 
is coolant flow, and to associated variable functions, such 
as spindle speed. In addition, stops are programmed to 
enable a machinist to change tools manually or to remove 
i finished part. Numerical control of machine tools is used 
to produce the complex parts manufactured by the metal- 
working industry at reduced cost and with increased ac- 
curacy and reproducibility. Cost is reduced as the con- 
ventional tooling process is eliminated to a great extent. 
W.th numerical control, simple jigs and fixtures may still 
be required, but the costly preparation of templates is not 
necessary; set-up and actual machining times are greatly 
reduced, as is lead time. “Tooling” to be retained for sub- 
sequent reproduction of the part consists simply of the 
punched cards or tape on which the description of the 
manufacturing process is stored. 

The initial cost of a numerical control unit and the 
associated data preparation equipment must be economically 
justified just as is the cost of any other item of capital 
equipment. Numerical control, since it was first introduced 
more than five years ago, was economically justified most 


* For a glossary of computing-machine terminology, see ‘Digital Computing 
Machines Alice Mary Hilton, Evecrro-Tecunotocy, October 1960, p 166 


Fig. 3 Digital-to-analog decoding with tapped transformers. 
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Fig. 1 — Elementary positioning system, single-axis, potentiom- 
eter data. 


easily in the aero-space industry, because relatively few 
items of any one kind, with complex curved shapes (to 
meet aerodynamic requirements) and high strength-to-weight 
ratios, must be produced with short lead times in the event 
of a national emergency. The new manufacturing concept 
has confirmed and exceeded the expectations of those who 
pioneered its introduction, and second-generation systems 
with increased reliability, decreased dependence on large- 
scale computing facilities, and lower cost have been intro- 
duced. Thus it is reasonable to expect the use of numerical 
control to spread widely. 

To design a numerical manufacturing system, the control- 
system engineer draws upon accumulated funds of knowl- 
edge and experience in four major technical fields: digital 
computing machines, analog machines, servomechanisms, 
and to implement these concepts, electronics. These disci- 
plines, together with a thorough understanding of the manu- 
facturing process to be controlled, cooperate to accomplish 
numerical machine control which is distinguished from other 
applications of data processing by the facts that: 

(1) Input information (consisting largely of dimensional data 
from drawings) is essentially digital in nature, whereas the ma- 
chine motions are essentially analog. Thus it is inevitable that both 
digital and analog techniques are used and that efficient methods 
of conversion are required. 


(2) The machine contro] unit is restricted to a very few types 
of operations compared, for example, to a general-purpose digital 
or analog computer. Thus it is frequently practical to employ data- 
processing concepts which would not be regarded as suitable for 
general use, but which are adequate for the limited requirements 
of a machine-control unit and desirable because of their low cost, 
low component count, and attendant high reliability. 


Because of the wide range of particular solutions which 
have been found and are in current use, no exhaustive 
survey is attempted in this article; rather, underlying con- 
cepts and representative techniques are presented. Examples 
are given to demonstrate the range of techniques employed 
in modern machine-control systems and to illustrate the 
evolutionary process designed to achieve more versatility, 
higher reliability, and lower cost. 


Positioning vs Contouring Systems 


There are two basic types of numerical machine-control 
systems: positioning and contouring. In the former type, 
which is applied to jig boring machines, drilling machines, 
etc., the primary objective is to position the tool over the 
part, advance the tool to perform the cutting operation, 
withdraw the tool, and reposition for the next cutting opera- 
tion. The tool is not in contact with the part during posi- 
tioning, and it is therefore immaterial which path it follows 
to reach the programmed position. The machine slides may 
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move simultaneously or sequentially, overshoot may be per- 
mitted, and speed of slide motion need not be controlled 
except to minimize lost time between cutting operations. 

In contouring systems, as applied to profile milling 
machines, for example, the milling cutter is normally in 
contact with the part; it moves in order to generate the 
desired shape. Thus, the motions of the slides which move 
the tool relative to the part (or vice versa) must be very 
closely coordinated by the machine-control system, consist- 
ent with the desired accuracy in the finished part. Further- 
more, the vector velocity or feed rate must be held within 
limits for maximum cutting effectiveness. Although the 
feed rate need not be established with absolute accuracy, 
its value must be held steady to avoid introducing surface 
irregularities which, even when they do not introduce ex- 
cessive dimensional errors, could degrade surface finish. 
This is one reason that far more data processing is needed 
in a contouring system than in a positioning system. 


Simple Positioning Systems 

Figure 1 contains a schematic diagram of an elementary 
single-axis positioning system which illustrates numerical 
control in its simplest form. The machine operator sets the 
order (command) position by means of a potentiometer 
with a graduated dial. A similar potentiometer, geared to 
the lead screw of the machine, provides a linear analog 
measurement of slide position. Data are handled in the 
language of scaled a-c or d-c voltages. A mismatch between 
the order and measured position unbalances the zero-center 
meter which provides visual error indication. By means of 
a three-position control switch, the operator energizes the 
motor so as to reduce the indicated error to zero. When 
this has been done, slide position corresponds to the order 
setting. 

This system is designated “numerical” because the posi- 
tion order is introduced as a setting on a multi-turn dial 
graduated in inches. Such a rudimentary system can be 
made practical by adding pushbutton or decade-switch in- 
put equipment and an error-actuated drive as shown in 
Fig. 2. The operator is required only to set the position 
order, using familiar decade switches representing tens 
of inches, inches, tenths of inches, etc. The error-actuated 
drive positions the slide by servo action. The level detector, 
a linear-input, two-state-output circuit, indicates “position- 
ing” while the error is outside the tolerance band and “in 
position” when the slide has reached its intended position. 
Digital-to-analog conversion is performed in the switches. 
Assuming scaled-voltage analog data and linear potentio- 
meter feedback, the simplest conversion equipment is the 
tapped transformer (shown in simplified form in Fig. 3) 
or the decade potentiometer. 

By the introduction of a punched-card or punched-tape 
reader and associated relay storage in place of the decade 
switches, and by duplicating equipment as needed to con- 
trol a second machine slide, the system shown in Fig. 2 
can be extended to the status of a fully automatic two-axis 
positioning system, which has the advantage that orders 
(command data) for a given part can be prepared off-line 
(i.e., away from the shop) and stored on punched cards 
or tape. This method makes it possible to utilize the machine 
tool efficiently and to avoid errors of manual insertion of 
data. The decade switches may be retained as an alterna- 
tive input. 


Multi-Speed Measurement Techniques 


The simple hypothetical system discussed above differs 
from most equipment in use today in one major respect. It 
is practically impossible to attain the desired accuracy 
(typically 0.0001 in 10 in., or 1 part in 100,000) under 
industrial conditions with simple scaled-voltage measuring 
transducers. Therefore, with one or two exceptions, all 
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modern positioning systems employ multi-speed measuring 
transducers. By this means, the total slide travel is pre- 
cisely divided into a number of equal steps. Within each 
step, one transducer element performs a measurement of 
sufficient accuracy to be consistent with the overall perform- 
ance objectives of the machine. For example, a synchro 
with a measuring accuracy of 21 min (1 part in 1000), 
connected directly to a perfect lead screw of 0.1 in. lead, 
could provide positioning accuracy of 0.0001 in. within its 
repeating cycle of one revolution. Thus it would meet a 
system requirement of 1 part in 100,000 over a 10-in. total 
travel, provided other means were employed to locate the 
slide in the proper 0.1-in. segment; i.e., to place the synchro 
within one-half revolution of its intended final position. 
This could be done by means of a potentiometer system of 
(.04-in. accuracy, or .with another synchro geared to turn 
much slower than the first. In the latter case, we have the 
familiar two-speed synchro system used in the accurate 
transfer of shaft position in electromechanical fire-control 
equipment. In machine control, however, we are not match- 
ing one shaft to another and are therefore obliged to use 
speed ratios consistent with the decimal nature of the input 
data, usually X10 or X100. Again, assuming synchros cap- 
able of measuring to 1/1000 of a revolution, the slow-speed 
or coarse synchro could be geared down 100:1 from the 
lead screw so that 1 revolution represents 10.000 in. A syn- 
chro of appreciably less accuracy than 1/1000 revolution 
could be employed, provided the speed ratio were reduced 
to 10. Thus, every digit in an order number could be 
identified with a particular synchro in a multi-speed meas- 
urement device in which one synchro is geared to the slide 
motion with the scale factor of 1 revolution per inch, and 
the other synchros are geared slower or faster by integral 
powers of 10. 

In positioning a slide with such a measurement system, 
each digit in turn is decoded (transformed into slide posi- 
tion) starting with the most significant. In each case, a 
pair of a-c voltages is picked off a tapped transformer, the 
voltage levels corresponding to those which would be de- 
veloped by a transmitter synchro with its shaft set to the 
appropriate one-tenth revolution. As servo action drives 
the slowest synchro control transformer to match the most 
significant digit, the next faster synchro, geared to the 
first in the ratio 10:1, will be driven to well within 1%, 
revolution of matching the second digit. When the first 
synchro approximately matches its digit, control is trans- 
ferred to the second digit/synchro pair by a level-detector 
circuit which senses servo-loop error. Each synchro acts 
similarly in turn until the fastest is driven to a null. At 
this point, the slide has been positioned in accordance with 
the full order number. This concept, illustrated in Fig. 
4, permits the use of a particularly simple digital-to-analog 
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Fig. 4 — Multi-speed positioning system using synchros for feed- 
back. 
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decoding technique. It is the basis for a positioning system* 
which has been successfully applied to many different types 
of machines. 


Digital Measuring Techniques 

A hypothetical shaft digitizer is a particular type of 
multi-speed transducer. It consists of a number of similar 
disks, each with a conducting segment of 180 deg connected 
to a fixed potential, and an insulating segment of 180 deg. 
When rotated with respect to a fixed brush, the disk ex- 
hibits two states, designated 0 and 1, each occupying one 
half of the repeating cycle. This binary device can be linked 
to form a measuring transducer in a manner analogous to 
that adopted with the synchros: one of them connected di- 
rectly to the lead screw, the others geared slower or faster 
in integral powers of two. Slide position is identified by a 
binary number, and orders to the slide may be entered by 
setting a corresponding number of two-state devices (such 
as toggle switches, relays, or flip-flops) which store data 
read in from punched tape. Each corresponding order and 
measurement bit (binary bit) could be caused to match 
in turn, starting with the most significant, just as each 
decimal digit was matched by corresponding synchro action 
in the previous example. Alternatively, the size and sign 
of the positioning error could be determined repeatedly by 
direct binary subtraction of position measurement from the 
order. This difference, decoded to analog form, could then 
be applied to the servo amplifier as shown in Fig. 5. 

To avoid mechanical complexity, many elementary disks 
of this type are combined in a single disk as a group of 
concentric 2-state patterns instead of being geared together 
with X2 ratios. The coarsest pattern consists of two segments 
of 180 deg each. The next has four segments of 90 deg each, 
and so on, as shown in Fig. 5. Nevertheless, the multi-speed 
nature of the measurement remains. The finest pattern fre- 
quently has as many as 2'° segments (2° conducting and 2° 
non-conducting). In high-precision units, there may be 2'¢ 
or more segments. Special techniques must be employed to 
avoid ambiguity of measurement near transition points in 
all of the digitizers under discussion. 

It will be noted that information from the finest of the 
patterns alone is sufficient to identify slide position with 
respect to some starting point, provided that all pulses 
generated by the associated brush as the pattern rotates 
are sorted—for example, in a_ bi-directional electronic 
counter. Means must also be provided to detect direction 
of rotation. The single-speed pattern, in association with 


* General Electric Mark I, I, II] Numerical Controls 
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the counter, provides the same type of position measurement 
as does the multi-channel disk or the geared disks discussed 
previously. 

Such a transducer or “quantizer” provides a purely in- 
cremental output. Connected to the lead screw by suitable 
gearing, it operates at a scale factor of 1 pulse per 0.0001 in., 
for example. The counter to which the pulses are fed pro- 
vides a whole-number or absolute measure of slide position. 
As shown in Fig. 6, such a composite transducer can be 
substituted for the shaft digitizer. The subtractor must cal- 
culate the difference between the entire order and the entire 
measurement in either case. Each new position order read 
in from tape unbalances the servo loop; the slide is then 
driven so that the measurement matches the order. 

Another important class of systems can be derived from 
that shown in Fig. 6 by introducing incremental techniques 
in the order channel. Suppose that the slide is at 8.4261] in. 
and the next required position is 12.7495 in. Instead of this 
latter number, the tape reader supplies the order -+-4.3234 
in.—i.e., the additional movement needed to reach the next 
order position. As shown in Fig. 7, this number is read 
directly into a register which can be counted back to zero, 
one pulse at a time. These pulses are also fed to an asso- 
ciated bi-directional counter similar to that employed with 
the incremental transducer. The new counter accumulates 
a digital representation of order position in the same way 
as the other accumulates measured position. As in the 
example of Fig. 6, digital subtraction is employed to de- 
termine positioning error, and the servo loop drives the 
slide to its correct position. 

This example of a positioning system illustrates a concept 
which is essential to the operation of the contouring systems 
discussed in subsequent paragraphs. It has been stated 
previously that, in a two-axis positioning system, we usually 
do not specify closely either the path taken between suc- 
cessive order positions or the rate of travel. In the system 
illustrated in Fig. 7, however, every single pulse fed to the 
total order counter-register as the incremental order storage 
register is counted back to zero represents a small-motion 
order to the slide-control system. Thus a slide can be in- 
structed to occupy successively a very large number of posi- 
tions, each position separated from the previous one by the 
resolution of the system (0.0001 in.), merely by feeding a 
train of pulses to the ordei-counter register. Obviously, far 
fewer data are handled than if each of these successive posi- 
tions had to be specified in turn by a complete number of 
several digits. In this system, the slide is always under 
position control, but if the pulse train is held at a constant 
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Fig. 6 — Positioning system with quantizer (incremental) feed- 
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rate, the slide motion is smooth as though under precise 
rate control. Because the pulse train is terminated when 
the storage counter has been counted back to zero, the total 
movement of the slide is exactly the distance read in 
from tape. 

An appreciable simplification in equipment can be effected 
if records of absolute order position and measured position 
need not be retained. In this case, both counter-registers are 
eliminated. Feedback pulses from the quantizer and order 
pulses from the order storage register are fed into a single 
bi-directional counter designated the error register. At any 
time, therefore, this register contains only the difference 
between the total order and feedback pulses. Because the 
function of the servo loop is to keep this difference very 
small, the error register need not have a capacity as large 
as that required when entire numbers were being sub- 
tracted. The resulting system is shown in Fig. 8. Here the 
only available measure of the total of all received orders is 
the actual slide position. As the servo loop continually acts 
to match position to order, it translates order pulses into 
motion at the appropriate scale factor. The incremental 
order storage register, in conjunction with the pulse genera- 
tor, develops from one taped order a very large number of 
evenly-spaced small motions of equal size which add up to 
the motion specified on tape. Thus this equipment performs 
the function of linear interpolation. 

The concepts illustrated in Fig. 8 can be extended to 
provide simultaneous motion control for two or more ma- 
chine axes and therefore to permit the execution of precise, 
smooth motions in any direction. 


Contouring Control Systems 

Much more data processing is employed in contouring 
systems than in positioning systems, in the control unit 
(located adjacent to the machine tool) and—more particu- 


larly—in equipment (remote from the shop floor) used 
to prepare the control tape. For tape preparation, a posi- 
tioning system usually requires no more than a desk calcu- 
lator and an electric typewriter equipped with a tape punch. 
In theory, no more equipment is needed to prepare tape for 
a contouring system, but with all contouring systems cur- 
rently in use the task would be so time-consuming that for 
all practical purposes a digital computing machine is essen- 
tial. Recently-announced second-generation contouring sys- 
tems* are less dependent than their predecessors upon a 
computing machine. For parts involving only straight-line 
and circular cuts, the new systems permit the preparation 
of tape with no more equipment than that required for a 
positioning system, because a greater data-processing capa- 
bility is incorporated into the machine-control unit. 

The bulk of data processing in a contouring system is 
required to deal with three factors not encountered in 
positioning systems, as follows: 


© 1. Cutter Offset Computation. This operation is required be- 
cause, whereas the drawing specifies the geometry of a particular 
part which is to be developed by the cutting edge of the tool, the 
machine slides control the motion of the tool center. This motion 
must therefore be offset with respect to the desired part surface 
by a distance equal to the radius of the cutter, always in a direc- 
tion perpendicular to the tangent at the surface. As shown in Fig. 9, 
the required cutter center-path is simple to determine when the 
part geometry involves only straight lines and circular arcs, be- 
cause the tool center-path consists also of straight lines and circular 
arcs. Thus, if the coordinates of the ends of a sloping straight line 
are known, the equation of a second straight line, parallel to the 
first and offset by the cutter radius, can easily be found. In the 
case of a circular arc with known center and radius, the equation 
of a concentric circle, of radius larger or smaller than the first by 
the cutter radius, can easily be determined. The coordinates of the 
points of intersection of the successive segments of the cutter center- 
path can then be calculated. These are identified as program points, 


* General Electric Mark Century, Bendix Dynapath. 
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Fig. 9 — Cutter offset in contouring system. 


In the case of curves more complex than the circle, the equation 
for the cutter center is more difficult to derive from that of the 
required surface. In some cases the equation may not actually be 
required. Instead, a number of points on the surface are selected; 
the equation of the normal to the curve is determined at each point 
and coordinates of a point on each normal, removed from the sur- 
face by a distance equal to cutter radius, are computed. These 
offset points are designated the program points for the cutter path. 


@ 2. Interpolation. In addition to the end points of a given 
cutter motion, a sufficient number of points along the motion must 
be specified to assure that the machined surface will be within 
tolerances at every point. As previously explained, a train of pulses 
could be used to interpolate between program points on a single 
axis, each pulse representing a small increment of motion. In a 
two-axis contouring system employing this technique, similar pulse 
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Fig. 10— Block diagram — general organization of numerical 
machine-tool control systems (contouring). 


trains must be supplied to both axis servos. The pulses in the two 
trains must occur at the correct relative frequency to cause the 
resultant cutter motion to be at the required slope in the x-y plane, 
and the total number of pulses transmitted must represent precisely 
the motion required on the two slides. Having selected a pulse- 
generating scheme as the final interpolation process, we can now 
add further comments concerning the program points which must 
be chosen to accommodate the interpolating ability of the subse- 
quent steps in the process. Thus, if the final interpolation is con- 
fined to generating orders for linear movements, all curved seg- 
ments in the path of the cutter center must first be approximated 
by a series of straight-line segments. Points of intersection of these 
segments are then identified as additional program points. The 
selection of straight-line segments to approximate a curve repre- 
sents a preliminary, partial interpolation. The required number of 
segments depends upon the accuracy to which the curve is to be 
approximated. If the final detailed interpolation can deal with cir- 
cular as well as linear paths, then a circular arc need not be 
subdivided but may be identified merely by its end points and 
radius, or some equivalent data. Further, with this extended final- 
interpolation capability, an arbitrary curve may be divided into a 
series of circular arcs rather than a series of straight lines. For a 
given curved motion, the number of arcs, and therefore the number 
of data sent forward for final interpolation, will usually be fewer 
than when linear segments must be used. 


e@ 3. Feed-Rate Control. Metal-cutting operations should be per- 
formed at certain optimum speeds; therefore, rate of cutter motion 
along its path must be fairly closely controlled. This control re- 
quires the introduction and processing of additional information. 
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In the final interpolation process, the feed rate is established by 
absolute frequency control of the axis pulse rates. Relative rates 
and total pulses must of course be preserved to maintain path 
geometry. 


In Fig. 10 a flow chart from standard drawing to finished 
part is shown. Practical contouring systems differ widely 
in detail, but all can be fitted into the pattern of this dia- 
gram. The result of each operation is stored in some manner 
suitable for use as an input to the next. 

If the part was not designed and drawn with numerically 
controlled manufacture in mind, it is often necessary to 
redimension the drawing so that all line intersections, circle 
centers, etc., are identified by Cartesian (x-y) coordinates 
with respect to a selected set of axes. The drawing specifies 
material, tolerances, and surface finish in the normal way. 

The next operation is performed by the process planner 
(parts programmer) who decides upon sequence of cuts, 
feed rate, spindle speed, and tool selection. He records his 
conclusions in a tabular format which defines the opera- 
tions by means of dimensional data and operation codes, 
and presents them in the correct order. Although, in terms 
of technique and equipment, the following steps vary widely, 
the required operations are primarily: computation of cutter 
offset and determination of offset program points, final in- 
terpolation between these points, and execution of the fully- 
interpolated path by the machine servos. Depending upon 
the chosen system concept, several data-processing opera- 
tions may be performed at the same time, or the result of 
each operation may be stored in a suitable language and 
medium for subsequent further processing with different 
equipment. In Fig. 11 a block diagram illustrates three al- 
ternative schemes currently in use. In the first, mathematical 
data preparation is performed on a general-purpose digital 
computing machine which processes the coded data con- 
cerning part geometry and machining sequence and method 
in accordance with a special program prepared for this 
purpose. The computer output, normally stored on punched 
tape, is further processed by a special-purpose computer 
or “director” which performs the final interpolation. Be- 
cause of the large amount of information involved in the 
detailed path description produced by the director, the 
output of this unit is stored on magnetic rather than punched 
tape. The information may be stored as trains of order 
pulses, or may (prior to recording) be converted to phase 
analog language to avoid possible errors due to loss of 
individual pulses. Most systems using magnetic tape employ 
the latter technique. Whichever language is employed, the 
machine control unit needs no interpolation capability. 

In the second system, the initial operations down to posi- 
tion storage are as in the first. In this case, however, the 
machine control unit has enough data-processing ability to 
perform at least linear interpolation. Thus, it accepts change- 
of-position information and carries out the final interpola- 
tion during the machining process; the machine slides follow 
the required path as it is computed. 

The third case represents a system with at least linear 
and circular interpolation capability. The diagram shows no 
computing machine being involved in the preparation of 
the control tape, and in effect assumes that the geometry 
of parts being produced involves only straight lines and 
circular arcs. When more complex paths must be followed, 
it is impractical to prepare control tape manually, and a 
computing machine is used. 


Specific Contouring Systems 


To illustrate in more detail the manner in which the 
principles introduced above have been employed in practice, 
data-processing aspects of three high-performance multi- 
axis contouring systems will be discussed. Developed by the 
Bendix Corporation over a period of approximately five 
years, these systems are similar as far as their speed and 
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accuracy are concerned. The evolutionary process to apply 
more versatile, economical, and reliable computing tech- 
niques to machine control equipment is illustrated by their 
differences. 

Contouring System with Parallel Linear Inter- 


polation. The first system to be examined provides linear 


interpolation at the machine tool. Because input information 
to the machine control unit consists of orders for motion 
between successive program points on the cutter path and 
the feed-rate data, punched tape is a satisfactory input 
medium. Because only linear interpolation is available and 
curves therefore have to be approximated as straight-line 
segments, a high-speed photo-electric tape reader (300 lines 
per sec) is required to deal with the speed of data transfer 
in producing circular or other curved motions. 

The manufacturing system as a whole is of the type rep- 
resented by the second system shown in Fig. 11. (1) * Work- 
ing from data assembled and organized by the process 
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planner, a control tape is prepared by a general-purpose 
digital computer which performs cutter offset computation 
and identifies all program points, including the end coor- 
dinates of straight-line segments to be followed in approxi- 
mating curved paths. The computer calculates the movement 
required of each slide in travelling from one program point 
to the next. These distances, designated Ax, Ay and Az, are 
converted from inches to pulses at a scale factor of 1 in. = 
5000 pulses. The resulting numbers are punched on tape in 
pure binary representation in a format intended to facilitate 
entry of the data into the machine-control unit. A typical 
section of tape, representing a single straight-line cut in- 
volving synchronized motion of the x and y axes, is shown 
in Fig. 12. 

A simplified block diagram of the machine-contro] unit 
is shown in Fig. 13. In this particular system all storage 
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is performed by vacuum-tube flip-flops. The temporary- 
storage registers consist of four groups of flip-flops into 
which the order information is read from tape. The 
active-storage registers are similar groups of flip-flops into 
which the order information in the temporary-storage 
register is transferred at electronic speed as soon as it is 
needed for actual cutting; i.e., as soon as the previous cut 
is completed. Starting immediately after such a transfer 
occurs, a new block of information is read in from the tape, 
to be ready when required. 

The active-storage registers act in conjunction with two 
flip-flop counters (or “scalers”) to perform detailed inter- 
polation of the cutter center-path at the prescribed speed. 
This operation delivers three pulse trains, one directed to 
each of the three machine axes. 

To achieve the required performance, parallel binary 
operational multipliers are employed. (2) This technique 
involves using the contents of the active-storage register, dur- 
ing a typical operation, to select pulse trains from several 
points in a binary counter. In Fig. 14, the technique in a 
‘ simple case is shown. The order number is stored in the 
register, the most-significant bit at the left. It remains un- 
changed during the cycle under examination. The counter, 
the most-significant bit at the right, accepts a steady, uni- 
form stream of “clock pulses” and gradually increases its 
count from zero to overflow, after which the cycle repeats 
if allowed to do so. Owing to the nature of binary counting, 
the first (least-significant) counter flip-flop changes state 
at the receipt of each clock pulse. Each time it changes from 
1 to 0, the next flip-flop is triggered and changes state. 
Whenever the first flip-flop changes from 0 to 1, the second 
and all higher flip-flops experience no change. For the first 
flip-flop, the former case is said to involve a “carry” pulse; 
the latter involves a non-carry pulse. Thus the first flip-flop 
delivers a non-carry pulse for every second clock pulse; the 
second does so for every fourth, interlaced with those from 
the first—i.e., at a time when the first does not; and so on. 
At the time of each clock pulse there is developed one, 
and only one, non-carry pulse in the entire counter. At a 
given clock pulse time, all flip-flops less significantly than the 
one which delivers the non-carry pulse change from 1 to 0. 
These therefore deliver carry pulses, which are not used to 
develop output pulses. All more-significant flip-flops experi- 
ence no change at this time. The flip-flop which delivers the 
non-carry pulse changés from 1 to 0. This pulse may be 
employed as an output pulse if other conditions are met. 

AND gates controlled by the order number in the 
active storage register identify the counter flip-flops from 
which non-carry pulses will be accepted. If the most-sig- 
nificant order bit is a 1, representing a larger order 
number, the non-carry pulses from the first counter stage 
will be passed by the associated anp gate. These pulses occur 
at a frequency half that of the clock pulse train, the highest 
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rate of the non-carry pulse trains. Similarly, every other 
1 in the binary order number permits its corresponding 
group of non-carry pulses to pass to the or gate, which 
assembles the selected non-carry pulse trains to produce 
the output train. Operation of this logic subsystem is such 
that, each time the counter goes through one complete cycle 
(i.e., counts up from zero to overflow), a number of output 
pulses is developed equal to the order number in the 
active-storage register. 

This technique is applied in two different but related 
applications in the control unit under discussion. First, as 
shown in Fig. 13, the feed-rate number stored in the corre- 
sponding active-storage register, in conjunction with an 
associated counter (auxiliary scaler) fed with clock pulses, 
develops a pulse train (feed-rate pulses) of necessarily 
lower frequency than the clock. In this case, the counter 
is allowed to overflow and recycle repeatedly; the output 
pulse train continues as long as this occurs. This train is 
then used as the input to another counter, the scaler, which 
works in conjunction with the three motion orders in 
the Ax, Ay, and Az active-storage registers. Here three sepa- 
rate pulse trains are developed, their rates proportional to 
the order numbers and, of course, to the frequency of 
the feed-rate pulses. These pulse trains are fed to the cor- 
responding servos as inputs to the servo error registers. 
Unlike the previous case, however, the scaler goes through 
only onecycle in dealing with each set of axis motion or- 
ders. As explained previously, in one complete cycle of 
the scaler a number of non-carry pulses is selected for each 
axis equal to the number stored in the corresponding con- 
trol (active-storage) register. Because here these numbers 
are the numbers of order pulses needed on the cor- 
responding axes in performing the cutter movement under 
consideration, one counter cycle is precisely what is re- 
quired. Thus, when the scaler overflows, the present or- 
der numbers are discarded, those available in temporary 
storage are transferred into active storage, and interpola- 
tion of the next motion .proceeds. 

The use of flip-flops as the medium for active and tem- 
porary storage of order data provides rapid internal 
transfer (on a single clock pulse) and permits the use of 
a moderate clock frequency to develop adequate order 
pulse rates. To achieve 120 in./min on an axis, with an 
individual order pulse representing 0.0002 in., an or- 
der pulse rate of 10,000 per sec is needed. The derivation 
of such a rate from parallel binary operational multipliers 
is relatively simple. The clock rate of this equipment is 
80 ke. The maximum length of a single cut is approximately 
210 in., corresponding to a binary order number of 20 
bits. 

Contouring Systems with Serial Linear Inter- 
polation. The techniques discussed in the previous sec- 
tion involved the widespread use of flip-flops. The intro- 
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duction of magnetic cores in both temporary and active 
storage registers and in the associated binary counters re- 
duced cost and power consumption, and increased relia- 
bility by the associated reduction in the number of tubes 
and other components. Because cores do not lend themselves 
to the implementing of a parallel binary operational multi- 
plier, serial techniques were introduced. As regards control- 
tape format and machine performance, the system remained 
essentially the same. Apart from the use of different circuits, 
the main internal changes concerned the means of retaining 
the high-speed capability of the earlier parallel machine. 

The action of a serial binary operational multiplier can 
be understood with the aid of Fig. 15. A recirculating 
register of 22-bit capacity is employed as a counter. The 
number stored in the counter must be increased by one at 
regular intervals. Each recirculation of the number, least- 
significant bit leading, occupies the time of 22 clock pulses, 
corresponding to the length of the maximum order number. 
The least-significant position of the counter is accessible 
only once during this period. Therefore, the count can be 
increased by only 1 per iteration (recirculation). This is 
accomplished in logic circuits external to the core line with 
a half adder, as shown. The counter need not, of course, be 
augmented at every iteration; the number may be recir- 
culated many times before an input pulse arrives to initiate 
an addition of one count. 

With a serial counter, the states of the sum and carry 
outputs of the half adder remain at 0 and 1, respectively, 
as long as carry operations continue. This occurs after the 
initial addition of 1 in the least-significant position, as long 
as an unbroken string of I’s is emerging from the core line. 
As soon as the first 0 emerges from the line, the carry 
output reverts to 0 and remains at that value for the re- 
mainder of the iteration. The order number is also cir- 
culating in a core register of the same length as the 
counter. Its most-significant bit is leading and therefore 
emerges from the core line at the same time as the least- 
significant counter bit emerges from its line. Selection of 
output (order) pulses is based on the simultaneous presence 
of a (first) non-carry pulse and a 1 in the order number. 
The total number of output pulses developed during a com- 
plete counter cycle equals the order number. Clearly, how- 
ever, if the output pulse rate is to match the parallel ma- 
chine, the basic clock rate of the serial machine will have 
to be greater by a factor equal to the bit length of the 
order number. 

As a result of serializing with core registers, the number 
of flip-flops in the machine-control unit was reduced by ap- 
proximately 150. Clock frequency was raised to more than 
100 ke. Special pulse-multiplication techniques were intro- 
duced to retain the order pulse rate of the earlier unit. 


Contouring System with Linear and Circular 
Interpolation. Working toward the design of a second- 
generation contouring system, one objective was to make the 
preparation of control tape for a reasonable fraction of 
typical parts practical without using a general-purpose digi- 
tal computing machine. To fulfill this requirement, the 
input-data format had to be changed from binary to binary- 
coded-decimal, which could be prepared on an electric type- 
writer equipped with a tape punch. The machine-control 
unit had to be designed to perform both linear and circular 
interpolation, so that the approximation of an arc by a series 
of straight lines would no longer be necessary. Of course, 
all recent component and circuit developments were to be 
incorporated as appropriate to the further objectives of 
reduced cost and higher reliability. 

The new operational objectives were achieved through 
the use of digital differential analyzer (DDA) techniques 
in the interpolator. The serial core lines were replaced 
by wire sonic (magnetostrictive) delay lines, which are 
functionally similar to the core lines but must operate at 
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a constant clock frequency. With a much higher storage 
capacity per cubic inch or per dollar of cost, the equivalent 
of eight core registers of 20 bits each are stored on one 
delay line. 

The operation of a simple DDA performing linear inter- 
polation is presented in Fig. 16. The two delay lines labelled 
I and R carry the integrands and the remainders, respec- 
tively, in word times W1 and W2. The integrands represent 
component distance for a given linear cut, and are there- 
fore identical with the order numbers circulating in the 
active-storage registers of the system described previously. 
In accordance with conventional DDA operation, the inte- 
grands are added periodically to the contents of the re- 
mainder registers. Each time, the integrand is written back 
on the J line, unchanged, and the new sum instead of the 
previous value is written on the R line. Thus, the content 
of the R register increases periodically by the value of the 
integrand. In due course, the R register overflows. The re- 
sulting output pulse is employed as an order pulse for 
the axis in question. The machine slide accumulates these 
output pulses as motion, in accordance with the appropri- 
ate scale factor. 

It is a fundamental characteristic of this operation that, 
if the R register contains zero initially and the integrand 
is added to R repeatedly, overflow (output) pulses are 
generated at a rate which is approximately uniform with 
respect to the add operations, and of course not more than 
one per addition. If we have several such operations going 
on, independent except that any instruction to add is obeyed 
by all simultaneously or one after the other, the output 
pulse trains from the integrators are at rates proportional 
to their respective integrands. The actual values of these 
rates are established by the rate at which add orders are 
introduced. Thus, in a two-axis machine-control example, 
a straight line is traced out at arbitrary speed within limits. 
This is one of the two requirements for linear interpolation 
between two specified points. 

The other requirement, that of terminating motion at 
the correct end point, is met by the fact that once the 
process of addition is started, the R register will contain a 
non-zero quantity until a number of pulses equal to the 
integrand (order number) has been emitted. Thus, by 
terminating as soon as the R register has zero content, we 
generate exactly the right number of pulses. This statement 
requires qualification if the integrand carries zeros at its 
least-significant (leading) end—i.e., is divisible by an 
integral power of 2 (for example, 2° = 8). In this case, 
zero R content occurs eight times before the correct number 
of pulses is emitted. However, this difficulty is easily avoided 
by providing at the leading (least-significant) end of the 
integrand (7,) an extra bit position carrying an identifi- 
cation pulse, and terminating when the R register first 
contains zero in all bit positions except the most significant 
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(T,,). In Fig. 16, both axes in a two-integrator system are 
shown to yield termination signals during a single integra- 
tion. 

Thus, the DDA method of synchronous interpolation ac- 
cepts the same inputs and yields the same outputs as the 
binary operational multiplier. Despite their internal differ- 
ences, these two methods provide the same results and are, 
in general, equally satisfactory for linear interpolation. 
Because a serial operational multiplier could employ wire 
sonic delay lines for storage registers and counters, and 
DDA operation could be achieved with core lines, there 
is no fundamental difference in hardware requirements. The 
primary advantage of the DDA logic organization lies in 
the fact that it enables accurate circular interpolation to 
be done simply. It is virtually impossible to do this using 
operational multipliers. 

The operation of a serial DDA has been described above 
in terms of motion interpolation. In a system employing 
such techniques, add pulses for this interpolation can be 
derived by another DDA integrator using the feed-rate num- 
ber as integrand. Thus, the absolute speed of output motion 
is established. Add pulses for the feed-rate integrator (no 
more than one per iteration) can be obtained from basic 
timing signals or from an independent pulse generator. 

Circular interpolation requires twice as much input data 
as is needed for linear interpolation. Instead of the x and 


Standard I-in., 8-channel 
punched tape 


AX= + 3.49862 in. 
4Y=0 
42Z= - 27.9108 in 


Shown for 


Linear interpolation, with 
feed rate number 296 


NODDW+ x Donn 


@MO-ONNIN 


End block 


Fig. 17—Typical section, binary-coded-decimal tape. 
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e Assume 4-bit registers: 3 data, 1 identification 
e Order numbers: AX = 6 = 110 binary 
AY =3 =011 
e Insert identification pulses to obtain integrands: 1001 and 0111 
e Add these repeatedly into initially empty R registers, thus: 


x i 


Initial R content, 0000 0000 
Add I 1101 0111 


New R content 1101 0111 
Add I 1101 0111 


@)1010 1110 
1101 0111 


New R content 
Add I 


New R content 20111 10101 
Add I 1101 0111 


New R content 1)0100 1100 
Add J 1101 0111 


@0011 
0111 


etc. (0001 


New R content 


.*. terminate 


1) Indicates overflow or order pulse. 

Note that, after 8 additions, 6 and 3 order pulses have been 
produced on X and Y channels, respectively, and both R regis- 
ters give “terminate”’ indication. 


Fig. 16(b) — Principle of DDA linear interpolation. 


y components of the motion, as needed in the linear case, 
we require as integrands the x and y components of the 
initial radius vector. The ratio of these is the negative 
reciprocal of the slope at which the cutter center is to move 
in the x-y plane. Thus, overflow pulses from the x integrator 
are y order pulses and vice versa. Furthermore, because 
every small motion along a circular are results in a change 
of slope, the order pulses must be fed back to modify the 
integrands and thereby continually adjust the ratio of 
x and y order pulses. Termination of the circular cut cannot 
be achieved by an overflow function. Instead, a running 
comparison must be made between the present integrands 
(components of the radius vector) and the specified final 
values. The latter are read in from the tape and stored on 
the delay lines in such a location as to permit serial identity 
comparison with the former. Because the arc may move 
from one quadrant to the next, sign control is required in 
this mode of operation. 

To provide for the use of binary-coded-decimal input, an 
entirely different tape format is used, as shown in Fig. 17 
(compare with Fig. 12). Because the DDA operates with 
pure binary number representation, an input conversion 
is needed. This takes the form of a routine involving mul- 
tiplication by 10 and adding the new digit, as the or- 
der numbers (motion-component distances, or radius vector 
components) are read from the control tape, most-significant 
digit leading. 


Conclusions 


The design of a numerical machine-control system re- 
quires careful integration of ideas from several technological 
areas. Positioning systems involve very little data processing 
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at the machine; only very rarely is a computer used to 
prepare tape for such systems. Contouring systems, on the 
other hand, involve fairly complex data manipulation at the 
machine in systems which provide at that point detailed 
interpolation of the cutter path. In the past, contouring 
have almost invariably required the use of a 
general-purpose digital computing machine to prepare the 
control tape. Recent developments have led to the intro- 
duction of computing techniques which 
provide circular interpolation at the machine. These sys- 
tems make manual tape preparation a practical proposition 
for many parts, and reduce computing time for the re- 
mainder. Operational advances such as these have been 
accompanied by the introduction of transistorized circuits 


systems 


special-purpose 


and sonic delay lines with their reduced cost and increased 
reliability. Together, these new features and components 
can be expected to justify the introduction of numerical 
control in a wide range of job shops and other small-to- 
medium-sized machining facilities where formerly it has 
not been economically feasible. OoO0O 
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DR. ROBINSON: The Forum has one 
primary purpose: to broaden the design- 
ers understanding of the user’s needs. 
Our basic goal is to present potential 
users and potential designers with an 
authoritative overall picture of the field, 
referring back to the November* article, 
if we wish, for details on specific systems. 
We want to let designers of computer- 
control systems know our thoughts con- 
cerning control problems, areas where 
design improvements would be in order, 
and directions of future requirements. 


HILTON: The user’s point of view is 
presented, because the designer must 
know what the user needs in order to 
design a successful system. 


Is a digital computing machine 
required for the preparation of 
input tapes? 


MATSA: The fact that large digital 
computers are not needed for the second 
generation of numerical control is em- 
phasized [in Mr. McKelvie’s papert] to 
the point where it may be misleading. I 
am questioning whether “many parts,” 
in practice, can be produced by manual 
techniques. I am also questioning the 
statement about reducing “computer time 
for the remainder.” I think it may even 
add time for the remainder because a 
control system that can do circular in- 
terpolation doesn’t really help to approxi- 
mate an ellipse, or a parabola, or hyper- 
bola, or any other shape. 


MC KELVIE: The concept of reducing 
the need for a general-purpose, digital 
. “Analysis of Numerical Control Systems,” 
Frank J. Oliver, ELectro-TecHNOLocy, November 


1960, p 149. 
+ See page 135. 
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computer, to the vanishing point in some 
cases, is one which I have associated 
with equipment capable of doing at least 
circular interpolation. It may be a point 
of disagreement whether the ability to 
do circular interpolation really makes a 
control system independent of a com- 
puter, but both Bendix and General Elec- 
tric presented their second-generation 
equipment as “computerless control sys- 
tems” at the Tool Show.t This is ad- 
mittedly an overstatement, but it does 
indicate a reduced dependence upon 
general-purpose digital computing ma- 
chines. 


ROGERS: In general, it is possible to 
prepare a tape “by hand” for any shape 
one may want to make. The Milwaukee- 
Matic, for instance, can be programmed 
“by hand”; so can the Bendix continuous- 
path system and the Bendix Dynapoint. 
But the fact is that it might take six 
years to program a complex die by 
hand. De-emphasizing the role of the 
computer in numerical control is un- 
realistic. 


HARRIS: The claim is made in the liter- 
ature by the people who design systems 
which use linear and circular interpola- 
tion that 80 to 90 per cent of milling 
work would fall into this category [parts 
requiring only linear and circular inter- 
polation], so that only a hand calculator 
is required to establish the end points 
to be placed on the tape. 


ROGERS: It is not necessarily finding 
the end points. It is true, from existing 
drawings (even though they are the co- 
ordinate type of drawings), that you can- 


t The Machine Tool Exposition in Chicago—1960. 


not find the points you want. It would 
take double dimensions, and this leads 
to an increase in errors. 


How can computing-machine 
services be obtained? 


For the users of some control systems, the 
purchase of a large-scale digital comput- 
ing machine would be as unreasonable 
as the purchase of a power generator 
would be for the user of an electric 
toaster. Computing machines may be 
purchased or rented, or computing serv- 
ices may be obtained at a service center. 


ROBINSON: Why do firms tend to shy 
away from using a general-purpose digi- 
tal computer? Is it generally known that 
computer time can be rented from the 
major computer manufacturers? Isn’t it 
a fact that a firm purchasing a control 
system for which tape preparation is re- 
quired will find experienced program- 
mers available to help them in their 
programming problems on a rental basis? 


MATSA: Most computer manufacturers 
provide such a service. Machine time 
is available under many different ar- 
rangements — just computing - machine 
time, or computing-machine time plus 
programming assistance, or only pro- 
gramming assistance — according to the 
needs of a particular customer. It could 
depend upon the particular computing 
machine involved and upon the com- 
plexity of the part to be programmed. 
Why do users sometimes shy away 
from computers and why may they even 
shy away from numerical control? Be- 
cause they believe that such computing 
machines may be beyond their means. 
The large investment for the numerical 
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control equipment often makes it impossi- 
ble to consider the additional acquisition 
of a computing machine. Such potential 
users are not always aware of the fact 
that you can do certain numerical control 
work on very small machines such as 
the IBM 1620—on which, in the Chi- 
cago Machine Tool Show, for example, 
a program was demonstrated for the use 
of generating straight-lines and circles, 
for two-dimensional work, on a small- 
computer basis. 

Also, machine* time, as I mentioned 
before, is available on a rental basis 
either from service bureaus that just 
give machine time on computers or from 
service organizations like the Boeing Ap- 
plied Computing Service, where a service 
is offered for programming in numerical 
control. A blueprint can be sent to such 
a service bureau and a tape is returned 
ready for input into the machine-tool 
control system. 


ROGERS: I think that it does not suf- 
fice to have only a computer. The com- 
puter is only as good as what you put 
into it. If you don’t have a program 
capable of solving what you are putting 
into it, you won't get anything but hash 
out of the computer. 


ROBINSON: Are there any other service 
organizations such as Boeing which offer 
a complete service? 


MATSA: I know of at least two or three 
others that exist. Giddings & Lewis, a 
machine tool manufacturer, is offering 
this service.7 


ROBINSON: Bendix will actually not 
only produce the tape, but will run the 
tape and produce the parts. Are the 
services easily obtainable? 


ROGERS: Writing and developing a 
computer program require the experience 
and know-how acquired over many man- 
years in time and many, many dollars. 
It is something which the average com- 
pany, or even large companies, can’t af- 
ford. One solution is the use of a com- 
piler.t But there are many complexities 
resulting from simply changing from one 
computing machine to another. 


HILTON: To summarize what has been 
said so far about this problem, I would 
like to repeat the original question of 
whether a large digital computing ma- 
chine is necessary in a control system 
at all. Mr. Rogers said not really, the 
input tape can be prepared otherwise, 
but that it is impractical. 


MATSA: Theoretically, it is possible to 
do everything “by hand”. 


HILTON: But practically, it is too prone 
to errors. And it is too time-consuming 
and too costly. 


ROBINSON: Don’t we have to modify 
that by saying “for complex parts”? 


* To avoid confusion, it should be pointed out that 
to Mr. Matsa a computing machine is a “‘machine.” 
To Mr. McKelvie and Mr. Rogers it is a “‘com- 
puter.”” The difference is one of function—Mr. 
Matsa knows that human brains “‘compute”’ and 
a machine executes. See ‘Digital Computing Ma- 
chines,”” Alice Mary Hilton, ELectro-TecHNOLOGY, 
October 1960, p 163 

A complete numerical-control service is adver- 
tised, for example, by Rohr Aircraft Corporation, 
Chula Vista, California.—A.M.H. 

See “Logic—and the Principles of Program- 
ming,”’ Alice Mary Hilton, ELectricaL MANUFAC- 
TURING, July 1960, p 71. 
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MC KELVIE: Yes, we do. 


ROGERS: No. I don’t agree with that 
at all. 


ROBINSON: I can visualize some very 
simple parts made of straight lines and 
circles. 


ROGERS: I can, too. But they don’t 
really exist in a true manufacturing 
sense. 


Interpolation at the _ control- 
unit, which saves computer 
time, is desirable as long as 
reliability is maintained ... . 
The role of the director... . 
Complex interpolation. 


HARRIS: Then you do not think it is 
desirable to embody in the numerical 
control equipment specialized .programs, 
such as the circular interpolation, for 
the purpose of simplifying the prep- 
aration of the tape? Because you feel 
it is not worthwhile and since one still 
needs a computing machine, the nu- 
merical control should perhaps embody 
only linear interpolation. If a computing 
machine is required to prepare the tape, 
maybe there is no point in having the 
numerical control equipment do any in- 
terpolation. 


ROGERS: I cannot agree. I do feel that 
a linear and circular interpolating de- 
vice is needed at the machine control 
unit. 


HARRIS: What is the advantage if it 
doesn’t simplify the preparation of the 
tape? 


ROGERS: True circular interpolation 
does. We don’t have a true circular in- 
terpolation system at this time, to my 
knowledge. The function of the com- 
puter is transferred to the machine con- 
trol unit at the point at which interpola- 
tion is performed. Maybe it is not so 
complex at the machine control unit as 
it is within the computer because of all 
the inherent complexity of the computer. 
However, since computer time is costly, 
then any computing functions which can 
be shifted to the machine control unit 
should properly be shifted to the ma- 
chine control unit. Reliability must be 
considered because, if a lot of com- 
plexities are added to the machine con- 
trol unit which are not maintainable by 
the skill of personnel handling this 
equipment, then machine* time is lost 
and the savings in computing-machine 
time is offset. 


ROBINSON: A question for Mr. Rogers 
and Mr. Matsa: Have you made any 
studies of particular cases, preferably 
fairly simple shapes with straight-line 
and circular parts, to determine the 
amount of additional cost involved in 
including this in your digital computa- 
tions as opposed to leaving it out of the 
digital computations and having inter- 
polation at the machine tool? We need 
this kind of comparison. I am surprised 
to hear you say that there would be a 
large additional cost or imply that there 
is a large additional cost to add the re- 


* Mr. Rogers’ use of the word “‘machine”’ refers 


to the 
machine. 


machine-tool unit, not the computing 


quired program steps to the digital com- 
puting machine program. Does it pay to 
have the circular interpolation built into 
the machine tool on the floor if this is 
a maintainable thing? 

ROGERS: We have run many such com- 
parisons not only for ourselves, but for 
other firms as well. There are so many 
factors involved in the decision of how 
much to put into the machine control 
unit. It may be desirable to reduce tne 
amount of post-processing time* re- 
quired in the computer. Using a binary- 
coded-decimal input at the machine tool, 
we may, according to our studies, reduce 
the main frame computing machine time 
by 20 per cent because conversion need 
not be performed. It is a fair estimate 
that the binary-coded-decimal block 
would be about twice as long as the 
binary input to the machine control unit. 
Therefore, if we are using a 300 line/sec 
reader, we are reducing the number of 
information bits that we can put into 
this machine by one-half. Therefore, on 
minimum-time command, instead of be- 
ing a half second, it becomes one second. 
In complex shapes, feed rates become 
very, very low. You might be program- 
ming at 40 in. per minute. You might 
achieve a feed rate of 3 in. per minute. 


ROBINSON: Would you clarify your 
position concerning whether anything 
more than linear interpolation should 
be introduced on the floor? 


ROGERS: In my opinion, linear inter- 
polation is not what we want on the 
floor. 


ROBINSON: We are now trying to get 
some feeling for the proper place to in- 
troduce the interface between the digital- 
computer programming and the prepara- 
tion of tapes, which we are all quite 
sure has to be done with a general- 
purpose digital computer and the special- 
purpose system on the floor whenever 
reasonably complex parts are produced. 
We have said that the first machine 
tools had linear interpolation, and that 
second-generation systems have both 
linear and circular interpolation. A ques- 
tion has been raised concerning the eco- 
nomic sense of this approach. Should 
there be less complexity on the floor, or 
more? 


ROGERS: It is possible to have (1) a 
director which prepares the tape and 
does the interpolation, (2) a control sys- 
tem at the machine tool which does 
nothing other than decode symbols, or 
(3) an interpolator at the machine tool 
which further refines the information 
obtained from the computer. If 13 ma- 
chines were to be operated from just 
one director, then it would be advan- 
tageous to have a director-type of opera- 
tion rather than to interpolate in the 
machine control unit. The question is 
whether it is more economical to have 
an interpolator at the machine tool or 
back in the computer area. 


ROBINSON: This is certainly an area 


* Post-processing is the translation from the actual 
mathematical tool center offsets to input required 
at the machine control unit, where feed rates and 
special auxiliary functions of the machine tool and 
the special characteristics of any particular machine 
tool are taken into account. With a digital com- 
puting machine, the particular machine tool con- 
cerned can be more or less ignored.—S. M. Matsa. 
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that will cause considerable confusion 
both to the designers and to the users. 
The designers have taken the point of 
view that they will put the interpolation 
into the machine control unit. And in 
this discussion today, at least, there is 
a clear implication that even with all 
this interpolation, a centralized piece of 
equipment or accessibility to a central- 
ized piece of equipment—that is, a com- 
puting machine—to prepare the tapes 
is required in many, many instances. It 
might very well be that the computer 
manufacturers propose to extend the 
computer capability so that they actu- 
ally do the director computations also. 


MATSA: I don’t think that the com- 
puter manufacturers will prepare pro- 
grams to replace the director, because 
there is a break-even point in the work 
that should be done by a special-purpose 
computing machine, such as the director- 
interpolator, and the general-purpose dig- 
ital computing machine. In Fig. 11* of 
Mr. MckKelvie’s paper an _ additional 
step between the position storage and 
the machine tool is indicated; namely, 
the director that actually takes the posi- 
tion storage and interpolates it off-line, 
not necessarily tied in with the machine 
tool on the floor. There are certain 
advantages and disadvantages in the use 
of a director tied into one machine tool 
or a director separated from the ma- 
chine tool itself. I cannot agree that 
one can really have computerless nu- 
merical control because the computer is 
entering in more ways into a numerical- 
control operation as time goes on. 

One fact which has not been inen- 
tioned so far concerns the standardiza- 
tion between numerical control equip- 
ment. Let us assume that three machine 
tools using different control units and 
different control codes, but capable of 
manufacturing the same part, are pro- 
duced by one manufacturer; a tape pre- 
pared for one of these machine tools in 
its own language would have to be re- 
programmed to produce the same part 
on another machine tool. One of the 
advantages of a computer language that 
can prepare a tape for any machine tool 
from the same input is that the same 
input can be used to produce the part 
on all machines. 

I don’t see even second- or third- 
generation machine tools replacing the 
general-purpose computing machine be- 
cause of three-dimensional contouring, 
for which the computer can define the 
actual paths the tool is to follow. When 
we talk about a numerical-control unit, 
we are referring to a unit that accepts 
the exact input of the machine-tool mo- 
tions. Suppose we wanted to machine a 
boss on a part made up of a sphere. To 
accomplish this with a machine that has 
circular interpolation, we would have to 
define a number of circles the tool will 
have to follow in a spiral motion. But 
with a computer program, all we have 
to specify is the machining of a sphere. 


Special-purpose and general- 
purpose computing machines. 
HARRIS: I wonder whether or not the 


trend wouldn’t be toward the production 
of special-purpose computers which you 


* See page 141. 
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would attach to your machine as a 
“plug-in” device. The general-purpose 
computer would be unnecessary if a cer- 
tain shape is continually machined and 
an interpolation device for that particu- 
lar shape could be plugged into the nu- 
mercial machine. 

ROBINSON: This is a particularly in- 
teresting topic concerning the relative 
roles of equipment on the floor that 
feeds the final servo-mechanisms, the 
general-purpose digital computer, and/or 
the special-purpose digital computer 
that prepares the control record to be 
used on the floor. 

It seems to me that, in this second 
generation of machines, the control 
manufacturer is in effect saying to the 
potential purchaser that in large classes 
of his applications the combination of 
an adding machine, scratch paper, and 
this new type of device that does both 
linear and circular interpolation is all 
that is required. Mr. Rogers and Mr. 
Matsa feel this should be questioned, 
and that in a majority of applications 
this would be an excessively time-con- 
suming approach. We ought to explore 
where the general-purpose digital-com- 
puter functions may best be terminated. 


MATSA: I don’t want to leave the im- 
pression that the computer is the only 
answer to this problem, unless every- 
body here agrees that this indeed is 
the case. Circular interpolation has 
never been shown to be the answer to 
the problem of tape preparation. Com- 
puters were needed for that particular 
system. 


ROBINSON: As I understand it, in the 
preparation of a computer program or 
in the output of the computer program, 
x, y, and z are represented as functions 
of time. This is a preliminary output 
before it is put in shape for the particu- 
lar control unit on the floor. 


MATSA: Not necessarily as a function 
of time, because the time will depend 
upon the particular control unit used. 


ROBINSON: If (on a digital computer) 
you have to determine what x, y, and z 
are, why do you need a director and an 
interpolator? Why not just take x, y, and 
z from the digital computer, record it on 
an intermediate medium—for instance, 
in phase-analog form—and then use that 
recorded signal to actuate the three 
servos in the machine control unit? Why 
get involved in a director or other cir- 
cuitry to do linear and circular inter- 
polation? 


MATSA: The director is a sort of spe- 
cial-purpose computer. The reason for its 
existence is the same as for any special- 
purpose computer: that presumably it 
will do the job faster and cheaper than 
it could be done by using a general- 
purpose computer. 


ROGERS: Consider, for example, the 
Concord or the Giddings & Lewis direc- 
tor, whose functions are the interpolation 
of the incremental motions that were de- 
veloped by the computer and recording 
the interpolated orders (commands) * on 
magnetic tape as a phase-analog signal. 


* See glossary of computing-machine terminology 
in “Digital Computing Machines,”’ Alice Mary 
Hilton, ELectro-TEcHNOLocGy, October 1960, p 166. 


ROBINSON: Do all directors have this 
function? 


ROGERS: Essentially, they do. Systems 
differ in small details, such as what data 
processing goes on in each box. But I 
believe it is generally true that position 
storage consists of incremental motion 
commands. Whether these commands 
are in terms of straight lines which are 
to be followed or in defining the char- 
acteristics of circular arcs depends upon 
the computing capability of the director. 


MC KELVIE: Some directors merely 
interpolate straight-line orders between 
program points. Others accept circle- or 
parabola-definition data and develop fully 
interpolated descriptions of these mo- 
tions. Thus, the director is indeed a 
computer, or data processor, of limited 
versatility. 


ROBINSON: There is an_ implication 
that in order to introduce this feature 
into a digital-computer program it would 
cost more than to do it with a separate 
piece of hardware. I find this very diffi- 
cult to visualize. 


MC KELVIE: Nevertheless, it is true. 
Time on the main frame of the digital 
computing machine to perform the 
rather menial tasks we are talking about 
would cost more, in the long run, than 
the purchase of a director. There is a 
further attribute of the director which is 
not a characteristic of the digital com- 
puter: its output is in real time, or it is 
directly scaled to real time. Generally 
speaking, the digital computer output is 
not in such a form. 


MATSA: The question is whether a 
computer program could be substituted 
for the director with computer output 
being in real-time form, possibly with a 
digital-to-analog [conversion] device 
added. 


ROBINSON: Let me just make it clear 
that Mr. Matsa did not mean that the 
digital computer had to operate in real 
time, but simply that the recorded out- 
put of the digital computer after record- 
ing could be played back in real time. 

We are up against several very sig- 
nificant questions: (1) Is there a large 
class of problems in which the intro- 
duction of linear and circular interpo- 
lation on the floor will permit one to 
do away with the digital computer? And 
(2) if one needs the digital computer, is 
the main-frame time on the digital com- 
puter so expensive that one would want 
to assign certain computing tasks to a 
separate digital computer? 

It seems that we are agreed that in a 
great many applications a digital com- 
puter is required. And since it is required 
anyway, might it as well be used to pre- 
pare the path-storage information which 
then gets recorded for a later playback 
in real time? 


MC KELVIE: Answers to these ques- 
tions differ. However, considering real- 
time operation a necessary feature of the 
director output, we find that the director 
functions cannot easily be assimilated 
into the digital computer itself; at least 
a buffer and special-purpose equipment 
are needed, 
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Customer acceptance. 


To introduce numerical control into 
small or medium-sized shops (whose re- 
sistance to digital computing machines 
might have prevented them from accept- 
ing numerical control systems), interpo- 
lation at the machine tool is offered. 
(Note that the adjectives “digital” and 
“numerical” stand for precisely the same 
process. The only difference is the abil- 
ity of the control-system user to accept 
“numerical” rather than “digital” control. 
An example of “prejudice against termin- 
ology”-induced confusion.—A.M.H.) 


ROBINSON: Should this be a real-time 
computer or should this just be some- 
thing capable of being played back in 
real time? 


MC KELVIE: Real-time computation 
in the machine-control unit is usually 
preferred, because it makes magnetic 
tape and associated tape-handling equip- 
ment superfluous. As far as the amount 
of interpolating ability is concerned, you 
might regard circular interpolation at 
the machine tool as a frill. But you must 
appreciate the fact that a major deter- 
rent to the introduction of numerical 
control into other than the largest shops 
has been the difficulty of accomplishing 
anything without the support of a full- 
scale digital computer. Including circular 
interpolation at the machine tool, in ad- 
dition to linear interpolation, makes the 
preparation of tape “by hand”* at least 
possible, whereas this would otherwise 
be quite impossible. 

Straight lines and circles are the sim- 
plest forms, but also the basic ingredi- 
ents of design. The ideal part, from a 
production manager’s point of view, is 
one that can be turned on a lathe or run 
off on a milling machine with straight 
cuts. The production of any other shape 
is far more difficult. Therefore, in order 
to gain customer acceptance, it has been 
thought worthwhile [by control system 
designers and manufacturers] to be able 
to offer at least the prospect of doing 
without a digital computer in producing 
a significant number of the parts the 
shop might have to deal with. To be 
sure, user organizations who have over- 
come any original reservations about 
digital computers, and know what they 
will do, might not require such encour- 
agement. Such users may regard lightly 
the ability of a machine-control unit to 
do circular interpolation because for 
them this [doing without a digital com- 
puter] offers no conceptual advantage. 
However, even such sophisticated users 
could be alert to the advantages of cir- 
cular interpolation in the machine, if it 
reduces the cost of their tape prepara- 
tion. Recently’: announced second-genera- 
tion equipment has the additional capa- 
bility of doing circular interpolation and, 
therefore, of having a greater inherent 
appeal to production people who are not 
computer-oriented. Furthermore, the 
cost is just 75 per cent of that of the 
predecessor equipment with linear inter- 
polation only. 


Cost of circular interpolation. 
ROBINSON: However, would it be sub- 


* i.e., with the aid of a desk calculating machine 
and a typewriter to prepare punched tape. 
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stantially less costly if you hadn't intro- 
duced the circular interpolation? 


MC KELVIE: It depends upon the 
method of introducing this feature. Ben- 
dix is quoting prices of units with and 
without circular interpolation. The dif- 
ference is approximately four per cent. 


ROGERS: Can you perform circular 
interpolation only in planes parallel to 
the three coordinate planes in the Dyna- 
point and Dynapath systems, or can you 
transform this circular interpolation with 
respect to the three coordinate planes? 


MC KELVIE: In planes parallel to the 
three coordinate planes only, at present. 


ROBINSON: Mr. Rogers earlier made 
the very strong point that the linear and 
circular interpolation capability covers 
only a small class of the parts that really 
have to be made by numerical control 
systems. Are there situations in which 
this kind of interpolation covers most of 
the parts? 


ROGERS: Let us carry this one step 
further and ask: Does the saving of cir- 
cular interpolation significantly affect 
the ultimate cost of the finished product? 
We seem to be assuming that the total 
production cost is made up of tape 
preparation. This is not so. 1 would ask 
whether the ultimate effect of circular 
interpolation in a machine tool on prod- 
uct cost is significant enough to justify 
the additional investment. 


Does circular interpolation eli- 
minate the need for a digital 
computing machine? 


MATSA: Circular interpolation may be 
an additional good feature, if one can 
get it at a very low cost, such as the ad- 
ditional four per cent of the total cost 
mentioned by Mr. McKelvie, but I don't 
think that it will significantly reduce the 
need for a computer in the tape-prepara- 
tion stage. 


ROBINSON: Are we saying that this is 
a question concerning only the user? If 
he produces only sharp-cornered parts, 
then he needs only a linear-interpolation 
machine tool control system, and he 
can prepare his tape on an adding ma- 
chine? Do you agree, Mr. Matsa? 


MATSA: No. 
ROGERS: I disagree, too. 


MATSA: If parts composed only of 
straight lines and circles are produced, 
there is still need for more than an add- 
ing machine. The input for the control 
unit, for example, needs the program 
points that will specify the beginning 
and end point of every straight line, or 
circle, or arc. These are quantities that 
are not available in the drawing. 


ROBINSON: No, but they can be di- 
mensioned from a drawing in a reason- 
able period of time, for any reasonably 
simple part. Let us isolate a case in 
which having linear interpolation alone, 
or having linear and circular interpola- 
tion, will indeed remove the requirement 
for a computer. It is true that you have 
to use an adding machine a few times. 


But is not the number of steps that you 
have to carry out small enough to make 
this a perfectly reasonable approach? 
Mr. Matsa claims that even then you 
still need a computer. But if only the 
starting point and the changes in the x, 
y, and z positions have to be computed, 
why is a general-purpose digital com- 
puter required? 


MATSA: Because past experience has 
proved that, even for describing a 
straight-line motion, so many errors in 
the computations and in punching the 
tape occurred in manual preparation, 
that using a computer to describe a 
shape resulted in a saving. 


ROBINSON: But aren’t errors in the 
programming of digital computers also 
possible? There must be means for 
checking answers with either approach. 
I, personally, see no argument, since we 
are limiting this portion of the discus- 
sion to very simple parts, so that we are 
hardly considering the true problems. 


HARRIS: If a numerical control ma- 
chine to be programmed with a calcula- 
tor and a tape-punching machine is de- 
signed, then whatever special-purpose 
functions are required could be built in 
to make access to a general-purpose, 
digital computer superfluous. 


ROBINSON: This certainly was in the 
designers’ minds when they designed the 
linear-interpolation control units and the 
linear- and circular-arc interpolation 
units. We are just trying to see whether 
there is some flaw in the designers’ rea- 
soning. 


MATSA: If we are discussing the pres- 
ent systems, where the cutter-offset cal- 
culation has to be done externally from 
the control unit, this is another calcula- 
tion that has to be done in addition to 
calculating the point of tangency and 
intersections and all the program points 
that have to be specified. 


ROGERS: With such extremely simple 
shapes as straight lines and 90-deg turns 
and so forth, it is simple to get the 
cutter-offset calculation. This is a repeti- 
tive type of operation, and in such a 
repetitive operation, man is prone to 
error. A computer can make repetitive 
calculations without error in any num- 
ber of repetitions—even in a million 
repetitions—whereas a man will prob- 
ably make a thousand errors in a million 
operations. 


ROBINSON: Can we say that a manu- 
facturer who requires only straight-line, 
or straight-line-and-arc cutting, can use 
a machine tool with only a mechanical 
calculator and a tape punch, but that he 
has to work very hard to avoid error 
due to human fatigue and human mis- 
takes, even when the calculations them- 
selves are simple enough to be handled 
by a human being with an adding ma- 
chine in a reasonable period of time? 


ROGERS: No, we can’t say that. First, 
as far as programming for circular inter- 
polation, as we now know it, is con- 
cerned, the necessary dimensions cannot 
be taken directly from the drawing. Tool 
drawings and engineering drawings are 
not dimensioned so exactly that we can 
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take the end point of each of the arcs 
and the radius of the arcs and know 
where the tangency points are. These 
points have to be calculated. 

This tangency point is going to vary. 
As a result, we are getting multiple di- 
mensioning that is very error-prone. 


Does the use of a digital com- 
puting machine eliminate the 
need for interpolation in the 
machine-control unit? 


ROBINSON: This is the real heart of 
our discussion. If this can be proved, 
then I think it throws a shadow on the 
whole concept of putting linear and cir- 
cular interpolation in a control unit or 
on the floor. If you are, in the practical 
world, stuck with using a computing 
machine anyway to prepare your tapes 
(even though you have a lot of assist- 
ance from equipment on the floor), why 
not go a step further and use the com- 
puter to compute position as a function 
of time and then just use the simple 
box that Mr. Matsa mentioned before to 
convert this to a magnetic tape or some 
other output which can be played back 
in real time? Once you have established 
that you need the additional computer, 
why stop and introduce things like inter- 
polation on the floor, or in a director? 


HARRIS: Linear interpolation on the 
machine tool means that less informa- 
tion is required on the tape. 


ROBINSON: But if you have to use a 
digital computer, why not have it figure 
out position as a function of time and 
then record these position signals as a 
function of time on some appropriate 
means such as on a phase-analog system? 
In other words, include in the computer 
all of the computing that normally takes 
place in the director and the interpo- 
lators. In the system Bendix devel- 
oped, an intermediate output is x, y, 
and z before the commands to the in- 
terpolators are calculated. You therefore 
have x, y, and z of every point that is 
to exist in the part. Why, then, can you 
not record x, y, and z on an appropriate 
mechanism and just play it into the drive 
servos? 


MC KELVIE: The output ahead of the 
post processor completely describes the 
geometry, but it does not fully interpo- 
late it. It describes the part by specify- 
ing successive program points,* spaced a 
considerable distance from one another. 


ROBINSON: In other words, only the 
boundary points are given; therefore you 
do need the interpolator, and to run 
these interpolations on the main frame 
of the main digital computer and to 
transcribe them to a form that can be 
played back in real time is not as effi- 
cient as building the interpolator into 
the machine tool. 


Capability of control systems 
influences parts design. 


MATSA: 


A user producing a certain 


* Note that we must differentiate between data 
entering and data leaving the interpolation. Pro- 
gram points (or their equivalents) enter; a fully 
detailed path description leaves. 
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percentage of parts composed of straight 
lines and circles cannot ignore the 
fact that numerical control is affecting 
the design of parts, just because non- 
conventionalt shapes can be machined 
with this method just as easily and ac- 
curately as conventional parts. This fact 
has already influenced the design of 
some parts. This process may not be 
really widespread yet, but it is certainly 
something the designer of control systems 
must be aware of. I think in the next 
few years we shall be able to see the 
percentage of parts composed of straight 
lines and circles drop very definitely. 


ROBINSON: Let me summarize the gen- 
eral opinion of the panel: (1) even if 
the majority of machining involves 
straight lines and circles, the use of a 
digital computer to prepare the tape in 
order to eliminate human error and to 
have greater flexibility in quick tape 
preparation is desirable; (2) without the 
ability to use a digital computer, the 
control system designer blocks the ma- 
chining of many shapes which parts de- 
signers expect to have produced by the 
system, or will expect to have so pro- 
duced in the foreseeable future. There- 
fore, (3) the control-system designer 
(and the user) should be aware of the 
trend that the use of a digital computer— 
either as part of his system or as an 
available service—will be required. (4) 
If interpolation, other than circular in- 
terpolation, or if simultaneous circular 
interpolation in more than two axes, or 
shapes that are not conveniently di- 
vided into linear and circular interpola- 
tion are to be produced by the control 
system, the availability of a digital com- 
puter for tape preparation is essential. 


Positioning systems and con- 
touring systems. 


HARRIS: To clarify further, we are dis- 
cussing contro] systems for contour ma- 
chines, not positioning machines, aren’t 
we? You are not advocating the use of 
a digital computer with positioning ma- 
chines, are you? 


MATSA: Not to the same extent, but 
the trend to use computers more and 
more even for positioning is evident. The 
more experience with numerical control 
a user gains, the more prone he is to 
use a digital computer, if it is available, 
even for positioning work. Again, the 
advantages are interchangeability and 
standardization between different pieces 
of control equipment, the elimination of 
errors, flexibility, speed, and so on. 


HARRIS: In other words, you are advo- 
cating that the potential user of numeri- 
cal control equipment, even of position- 
ing equipment, get used to the idea of 
using a computer or of having tape pre- 
pared for him, just as he would have 
jigs prepared for him rather than pre- 
pare them himself. 


ROGERS: It is essentially what has 
happened in industry. 


ROBINSON: In the more complex situ- 
ation in which a digital computer defi- 


+i.e., parts not composed of straight lines and 
circles. 


nitely is needed to compute the required 
paths, do you anticipate (1) that control 
systems will fall back to a situation in 
which the machine-control unit contains 
no interpolation at all and the digital 
computer goes through the whole proc- 
ess, figures out x, y, and z as a function 
of time and then records on magnetic 
tape for later playback; (2) a retention 
of linear interpolation at the machine- 
control unit; or (3) still more complex 
machine control units with other func- 
tions built into them? 


MATSA: Your first approach [of the 
digital computer doing the interpolating] 
may become feasible in the future—the 
faster digital computers become, the 
more feasible it will be. But there is a 
point of diminishing returns when a 
large, general-purpose computing ma- 
chine is used for a task simple enough 
to be done more efficiently by a special- 
purpose director or interpolator. 


HARRIS: Would you change your an- 
swer for a user of 50 numerical (control) 
machines? Would you build interpola- 
tion into each one of the 50 machines, 
or would you be in favor of a control 
computer preparing the tape for all? 


MATSA: I would have a director that 
is not tied into every single machine 
tool but that can produce tapes for each. 
This is definitely the way it is done now: 
where several machine tools are in oper- 
ation, there is one director for all of 
them. Regarding Dr. Robinson’s last 
point [whether there will be more and 
more complicated interpolators in the 
future] it is my personal opinion that 
linear interpolation will be prevalent as 
it has been in the past, with all special 
forms of interpolation (circular, para- 
bolic or some other) being used as 
special-purpose techniques. Linear inter- 
polation will remain the most prevalent. 
To use very elaborate interpolators with 
which one could get any shape desired 
might become so expensive as to be im- 
practical. 


HARRIS: Would a user interested in 
machining both linear and curved shapes 
require a special-purpose computer? Is 
the size of a general-purpose computer 
for handling any shape compared to the 
size of the computer for just handling 
straight lines and circles significantly 
different? 


MATSA: Definitely. One of the smaller 
available computers is capable of han- 
dling straight lines and circles. A gen- 
eral-purpose program to handle every- 
thing requires one of the large-size com- 
puting machine systems. 


HARRIS: Do you know whether any 
computers are being offered to go with 
these control machines with linear and 
circular interpolation? And are special- 
purpose computers offered in addition to 
do the calculations which (as you say) 
are more efficiently performed by com- 
puting machines than by human beings? 


MC KELVIE: Special-purpose programs, 
not special-purpose computers, are of- 
fered for this function. 


MATSA: From a computing machine 
manufacturer’s point of view, the mar- 
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ket will probably not be significant 
enough to warrant the building of spe- 
cial-purpose computing machines just 
for such calculations, particularly since 
small, general-purpose computing ma- 
chines are available* that are econom- 
ically feasible for anyone who can afford 
numerical control equipment. And such 
general-purpose computing machines, 
using a special program, can perform 
the necessary calculations.t 


Magnetic tape—practical 
considerations. 


ROGERS: Let us talk about the present 
state of the art. If you remove all inter- 
polation from the machine control unit 
itself, then, under the present-day system 
of recording control information, it is 
done on a one-for-one basis or a four- 
for-one basis or something like that. Let 
us consider a piece of magnetic tape on 
which a phase-analog signal is impressed 
proportionate to the actual position, or, 
in other words, in a one-to-one relation- 
ship with respect to time. One inch of 
motion on the tape is equivalent to a 
certain number of seconds in the ma- 
chine tool. For some shapes you may 
then require as many as 60 to 70 reels 
[containing 7500 ft of (magnetic) tape 
each] to maintain the one-to-one ratio— 
namely, with the machine-tool-time be- 
ing the same as the tape-run time. With 
an interpolator at the machine tool, how- 
ever, it is not necessary to record as 
much information on the control me- 
dium and, therefore, it is practical to 
use punched tape. This results in a 
significant reduction in (1) the amount 
of tape to be handled, (2) the problems 
of handling the control medium and 
keeping it valid, and (3) the investment 
in the control medium, which is not 
insignificant. 


ROBINSON: Are you referring to the 
cost of magnetic tape? 


ROGERS: Yes. A roll of one-mil tape 
[7200 to 7500 ft]? costs $135. Therefore, 
using, for example, 55 reels of tape, 
which is not unusual, involves a signifi- 
cant expense—$7425. Even if the tape is 
reused—it may be erased totally, or par- 
tially—the control-system user will soon 
accumulate a tremendous inventory of 
magnetic tape. Also to be considered is 
the fact that this type of signal to con- 
trol machine tools [a pulse on magnetic 
tape] is error-prone. If, for example, an 
incremental bit of information is lost, 
the machine tool is out of synchroniza- 
tion with the one-to-one ratio of the 
tape, and the machined part consequently 
is not in its proper relationship to parts 
machined prior to the drop-out. 


ROBINSON: Is this not a design ques- 
tion? Designing a phase-analog system, 
one can achieve certain accuracy—say, 


one degree or two degrees—and then 
assume that the positional equivalent of 
these one or two degrees is within the 
error tolerance desired. Is this an in- 
* See “Digital Computing Machines,”’ Alice Mary 
Hilton, ELECTRO-TECHNOLOGY, October 1960, p 163. 
7 ie., compute points of tangency, etc. 


t If mil-and-a-half tape is used, there is less 
tape length per roll.—Rogers 
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solvable design problem? 


ROGERS: I don’t think it is insolvable, 
but I am thinking of the present state 
of the art, where loss of synchronization 
with the one-to-one relationship im- 
pressed on the tape is a significant prob- 
lem that may arise at any time. 


MC KELVIE: I don’t agree that this 
problem is as significant as Mr. Rogers 
considers it. The virtue of the phase- 
analog method of recording fully inter- 
polated data is that it is not susceptible 
to normal drop-out errors. It is my 
impression that you can encounter drop- 
outs without resulting errors. 


ROGERS: No, you can’t. 


MC KELVIE: The point you are mak- 
ing is a strong one, but I feel that the 
limitation of magnetic tape pertains to 
the digital mode of recording and not 
to the phase-analog mode of recording. 


ROGERS: All magnetic tape—whether 
it is new tape directly from the manu- 
facturer or whether it is tape that has 
been used and erased—is run through a 
verification process to prove it capable 
of taking the signal which will direct a 
machine tool. This applies to tape used 
as computer input containing digital in- 
formation. But the digital recording 
system is more susceptible to drop-out 
errors because, if a pulse is lost, it is 
lost forever. The phase-analog system is 
a far more reliable process, but it is 
still subject to difficulties involving loss 
or gain of pulses. 


ROBINSON: You feel the trend, then, 
is to keep the interpolation at the ma- 
chine tool to avoid the use of magnetic 
tape? 


ROGERS: Yes. 


MATSA: The problem of storage needs 
to be considered: punched tape, punched 
cards, or any punched information are 
more reliable storage media for storage 
over a period of time than magnetic tape. 


ROGERS: I agree. 


ROBINSON: You both [Matsa and 
Rogers] agree (1) that punched tape is 
more reliable than magnetic tape and (2) 
that the total tape inventory required is 
smaller when punched tape is used. In 
your view, therefore, interpolation at the 
machine tool seems to be destined to 
remain with us for some time in some 
form. 


ROGERS: I might comment on some of 
the faults that will actually stop a ma- 
chine tool system: (1) The manufacturer 
of magnetic tape records a test signal as 
a quality-control check. Frequently, reels 
of tape are shipped on which this quality- 
control signal has not been erased; the 
machine-control unit, however, doesn’t 
understand the signal. (2) Improper 
erasure before tape is re-used will re- 
sult in recording over an old signal, 
which again cannot be obeyed by the 
machine-tool system. (3) Lubricants (in- 
cluding vapors) in a shop atmosphere can 
cause drop-outs in magnetic tape. (4) 
Metallic dust in small particles can cause 
spurious signals to the control head and 
cause drop-outs. 


KOBINSON: Would these problems be 
solved if the equipment manufacturers 
placed the magnetic tapes in covered 
units driven through some _ coupling 
mechanism to keep the tapes uncontami- 
nated by the environment? 


ROGERS: This is done as far as possi- 
ble. 


MATSA: However, the tapes, often 50 
reels of tape, must be mounted and dis- 
mounted. 


ROBINSON: The tapes themselves, or 
the reels that house them, could be de- 
signed differently, couldn’t they? 


ROGERS: Yes. Many methods have been 
tried. For example, the cubicles have 
been put under pressure in filtered air. 
But when the cubicles are opened, 
wrinkles or corrugations on the tape be- 
cause of tape tracking have been found 
which cause the tape to lose contact 
with the read head, thereby interfering 
with synchronization. A piece of tape 
damaged in the middle of its 7200-ft 
length can’t be thrown away; it must 
be spliced. Faulty tape splices are a 
problem. And it is hard to splice tape 
so that it will take a continuous signal 
without a drop-out. Sometimes holes 
occur in the tape through wear. Passing 
a human hair under the magnetic tape, 
between the tape and the reel head, will 
stop the machine tool. 


MATSA: I think all these are valid 
points. But magnetic tape has been used, 
is being used, and probably will continue 
to be used because it has many advan- 
tages—such as, for example, compact- 
ness of information storage. 

The control-system manufacturer, and 
the user too, may use magnetic tape as 
the input to the control system. Although 
the most prevalently used input medium 
for a numerical control system is one- 
inch punched paper tape, there is a con- 
version problem. Many computers have 
punched-card output; others have mag- 
netic-tape output. In every case, computer 
output must be converted to control in- 
put. Some compatibility is necessary in 
order to eliminate unnecessary conversion 
in the storage medium from the com- 
puter to the control unit. Some control- 
system manufacturers are actually offer- 
ing digital magnetic tape as the input to 
the control-system director. 


ROBINSON: However, Mr. Rogers has 
reservations about the advisability of 
doing this on the floor. 


MATSA: He has mentioned valid prob- 
lems. As a matter of fact, I want to 
mention an additional example from our 
own experience: it is possible for the 
signal indicating the end of a program 
to be missed, in which case the machine 
tool will continue to respond in accord- 
ance with whatever further information 
might be recorded on the tape, whereas, 
if a punched tape were used, there would 
simply be an end of valid information. 
I agree that there are definite drawbacks 
to the use of magnetic tape. But there 
are also advantages. One, as mentioned 
before, is that wih an _ intermediate 
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phase-analog tape, just one director can 
control a number of machine tools. And 
the cost of the director is considerable. 


ROGERS: Until there is a method of 
recording controlled media for a machine 
tool, we will continue to see the trend 
of having an interpolator at each ma- 
chine, particularly for the continuous- 
path type of equipment or for the 
multi-operation type of equipment. Multi- 
operation equipment makes it possible 
for a complete operation to be per- 
formed rather than just a contour; for 
example, a part may be rotated so that 
all surfaces may be worked on without 
requiring any additional set-up changes 
(which are costly in production time). 
Since part-handling will normally amount 
to about 17 per cent of product cost, 
such a machine tool, although only the- 
oretically possible at this time, is of the 
greatest importance and no discussion 
can be complete without considering it. 
It is a challenge to systems and control 
engineers. 


Practical considerations for the 
operation of a machine tool. 


MC KELVIE: I want to indicate one 
more practical reason for not perform- 
ing full interpolation in the computer 
even if you could do so economically. 
This has to do with speed override capa- 
bility, which is provided by avoiding in- 
terpolation until the machine-control- 
unit stage. There is a design principle 
involved, which is never to make a final 
commitment until necessary. Thus, al- 
though the geometry of a part may be 
implied completely by the drawing, the 
speed at which I propose to cut the part 
is open until I choose to commit myself. 
There are practical reasons for not want- 
ing to be committed until the very last 
minute, maybe not until the part is on 
the machine. Suppose that, with a di- 
rector-type of system, for a given part 
under given conditions I plan to machine 
at a speed of 10 in./min., which is taken 
into account in magnetic-tape prepara- 
tion. When the fully interpolated descrip- 
tion of the motion is played through the 
tape reader, the machine tool is obliged 
to operate at this predetermined rate. 
But, some circumstances may change; 
perhaps the cutter is not as sharp as it 
might be, and it would be desirable to 
cut more slowly. Or perhaps I can tell 
that a wrong decision was made. For 
example, I may find that the operation 
can be done appreciably faster. It is con- 
venient to be able to change that de- 
cision at the machine. Such flexibility is 
available only in systems which inter- 
polate at the machine tool. 


Practical considerations for the 
design of a modern control 
system .... Future trends .... 
On-line interpolation increases 
speed of machine-tool opera- 
tion. 

MC KELVIE: There are, I believe, three 
reasons for a trend to include at least 
circular (in addition to linear) interpola- 
tion at the machine tool: (1) despite the 
fact that we have agreed only a fraction 
of the total class of parts to be machined 
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can indeed be handled without a com- 
puter, early experience proves that tape 
preparation can be faster (and therefore 
less expensive per tape) when a circular 
interpolation capability is available in 
the machine control unit; (2) the tapes 
themselves are shorter; and (3) if circu- 
lar interpolation is available in the ma- 
chine control unit, then tape readers of 
appreciably lower speed and, therefore, 
cost, can be employed in a machine con- 
trol unit without restricting machining 
speed. Specifically, if only linear interpo- 
lation is available, a photo-electric tape 
reader is required. If circular interpola- 
tion is available, mechanical tape readers 
can be used, because, if any curved path 
must be generated by a rapid succession 
of straight lines, each one of these 
straight lines constitutes an order [com- 
mand] which must be read into the 
control unit at a speed fast enough that 
the machining operation is not hampered. 
The machine tool can’t accept a new 
order in temporary storage until it has 
discharged a previous order from active 
storage. If many orders must be intro- 
duced to effect a circular motion, then 
the speed of the tape reader limits the 
machine tool. If one order will deal with 
a long circular motion, this limitation is 
much less serious. 


The effects of tool wear... . 
Multi-operation machines. 


ROBINSON: You pointed out the desir- 
ability of keeping some flexibility even 
toward the end, just before the run. Con- 
trol data specify the center of the tool. 
How does one compensate for tool wear, 
since this directly affects the dimension 
of the actual part produced? Is tool wear 
allowed for in the computer program, 
or does one simply periodically reclamp 
the tool at the desired radius? Is the 
wear not affected over the period of a 
single run? 


MATSA: The tool wear is not included 
as one of the considerations in the com- 
puter rrogram. According to the experi- 
ence of many users, it is not a problem 
within single runs. In other words, the 
tool dimensions are constant for one 
machine-too] run. 


ROBINSON: Does this correspond with 
your experience, Mr. Rogers? 


ROGERS: I think, working with com- 
plex dies and three-dimensional shapes, 
one may run the machine tool as long as 
18 to 25, or maybe 60 hr, on one part 
and a cutter of one size is generally used 
to machine the desired cavity. Generally, 
the cutters are sized and selected in ac- 
cordance with the program. 


ROBINSON: Do you incorporate the 
wear, then, in the program? 


ROGERS: This is not feasible at this 
time, because an insufficient number of 
variables is fixed. It could be put into 
the computer program, and I think it 
will be in the near future. In practice, 
first and foremost, tools are used that 
give optimum usage without consider- 
able wear. Conventional-design tools are 
not good enough, because metal is re- 
moved at too fast and at too constant a 
rate. Whereas a cutter used to last a 


week, today it will last only two hours. 
With numerical control, after about 30 
min of machining a particular article, a 
known zero point is reached and the 
machine stops. At this point, the cutter 
is examined, and if the reduction in size 
is not significant, the machine is started 
from this known set point and the next 
30 min of cutting are completed. This 
can be done when a punched-tape input 
is used. With a magnetic-tape input it 
would not be possible because the zero 
point would be unknown, unless it were 
programmed into the tape. 


ROBINSON: Do you normally include 
means not only for checking that the 
dimension of the tool is correct, but also 
means for checking that the dimension 
of a particular area on a part is correct? 


ROGERS: This can be done on simple 
shapes. It cannot be done on three- 
dimensional shapes because measure- 
ment of three-dimensional objects is ex- 
tremely difficult even under the best cir- 
cumstances. The “stop” button on the 
machine tool is pushed and the machine 
control unit will retain all the previously 
generated information. For example, 
the spindle, or z-axis, can be backed out 
and measurement at a critical point can 
be taken. 


ROBINSON: Let us extend this to the 
question of multiple tools and from 
there the question of multiple operations 
and the additional complexities intro- 
duced by equipment in which more than 
one tool is available to be used during 
the operations. 


ROGERS: Such _ systems 
They were displayed at the Chicago 
machine-tool show. The Milwaukee- 
Matic, a current example of this type of 
multi-operation machine, will surface, 
drill, bore, ream, tap, and position the 
work piece 360 deg in small increments. 
There is also the Omnimill made by 
Sundstrand, and there are many types of 
turret lathes which are capable of multi- 
operation. Generally, in this particular 
class of equipment, the program is of a 
sequential nature. Therefore, by virtue 
of the varied storage system, each com- 
mand has to be in its correct position 
within the storage system to be recog- 
nized properly. An entry, or at least 
some symbol-like entry, must be made 
for every space so that everything is 
placed in its proper order for the ma- 
chine to be able to carry out the pro- 
gram. In our experience, it is best to use 
computers because it is then possible for 
the parts programmer? simply to “talk 
the tool around the part” and for the 
computer to perform all the calculations 
and to generate the control tape. 

Let me point out a program for a 
simple part. The entries are sequential, 
an entry in every space. The points on 
the engineering drawing to be worked 
on with respect to their coordinate val- 
ues are entered and designated by a 
number, which is used as future refer- 
ence since this numerical value is stored 
in the computer. The tools, identified by 
a code, to carry out this operation are 
also entered on this program. These en- 


+ Parts programmers are also called process plan- 
ners; they are not computing-machine program- 
mers.—A.M.H. 
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tries are made by the parts programmer, 
who may be an ex-machinist. The di- 
mensions and the diameter of the tools 
are entered and the information stored 
in the computer. The length of the drill 
and all pertinent data about the cutter 
to be used are also entered. Then the 
starting point is identified. From_ this 
point, the parts programmer “talks it 
around.” He does not specify the path— 
the computer program is designed to do 
that. The speed of the move must be 
specified, as well as the cutter speed and 
the order to turn on the coolant. All 
these specifications are translated into a 
code (automatically by the computer) 
that can be followed by the machine 
tool. The parts programmer does not 
have to do any calculation. 

In this example, the parts programmer 
made 67 entries plus the stop signal. The 
rest was done by the computer. Without 
a computer, 333 lines of information 
and, in addition, all the instrumental in- 
formation, sequential information, and 
specified run time would have to be en- 
tered. [The run time is also affected by 
this because the program is telling the 
rate.} This information is accumulated 
during computation so that it is known 
how long it will take to machine a part. 


HILTON: Is the run time determined 
by the computer as an optimum for each 
step on the automatic kind of entry? 


ROGERS: No. The parts programmer 
specifies how fast the machine tool is to 
cut. In continuous-path operation, it is 
normal practice to program cutting 
speeds higher than what is considered 
optimum speed. Then it can be cut back 
and optimum achieved, since operation 
can always be slowed down, but never 
speeded up. 


ROBINSON: Is this a built-in feature? 


ROGERS: Yes, it is in the machine- 
control unit in the Bendix system. 


ROBINSON: Mr. Rogers has made a 
clear point of a typical case in which, in 
a positioning system, a computer is used 
effectively to generate 333 complete in- 
structions with all calculations from 67 
inputs and a “stop” order. This informa- 
tion is given to a keypunch operator, 
who punches these data into cards. 


HILTON: Is this the parts programmer’s 
effort? 


ROGERS: Yes, it is. It is not the com- 
puter programmer’s. The cards that have 
been prepared are put through a readout 
and compared with the original manu- 
script prepared by the parts programmer 
to make sure that no errors were in- 
serted duing transcription. The punched 
cards are the computer input, as the 
operating data. The program has already 
been fed into the computer.* The output 
of the computer is on magnetic tape and 
punched cards are prepared which are 
put into a card-to-tape converter such as 
the one designed by I.B.M. It is a plug- 
* Usually on magnetic tape. The program consists 
of instructions for the computing machine on how 
to operate on the data contained on the punched 
cards.—A.M.H See “Digital Computing Ma- 
chines,”” Alice Mary Hilton, ELectro-TECHNOLOGY, 
October 1960; “‘Logic—and Switching Circuits,’’ 
ELECTRICAL MANUFACTURING, April 1960; and 


“Logic—and the Principles of Programming,” 
ELECTRICAL MANUFACTURING, July 1960. 
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in device in which we can convert to any 
format for any machine tool. We can 
go from a Milwaukee-Matic to a Bendix 
system to a Concord system to a War- 
ner & Swasey system simply by changing 
the plug board. These cards are produced 
off-line (from the computer) from the 
result of the computer calculations. Se- 
quential entries are then run through the 
card-to-tape converter and put onto a 
punched tape which is used to control 
the machine tool. As a further check, 
the punched tape generated from the 
cards is read back against the cards to 
assure that there are no transition errors. 
Although the cards are not necessary, 
they are convenient for storage, be- 
cause the tape might be destroyed or 
damaged, and because it is easier to 
make changes on cards. It is simple to 
pull out a card and manually punch a 
change—such as a change in dimension 
—into a card and run a new tape. The 
tape is characteristic to the particular 
machine for which it is the input. The 
cards are convertible. 


Background and training of 


personnel working with control 
systems .... Maintenance pro- 
blems . . . . System responsi- 
bility .... Operation assistance. 


MATSA: I think it is pertinent to dis- 
cuss the background and the training of 
the people involved in numerical con- 
trol. Process planners, or parts program- 
mers, have been mentioned. Who is a 
good process planner? Is he a machin- 
ist? Is he an engineer? Is he a tool en- 
gineer? A designer? The proper answer 
to the question of whether a small com- 
puter, a large computer, or no computer 
should be used is greatly dependent upon 
the person who will actually use the 
control system. 


ROGERS: They are two distinctly sepa- 
rate categories of personnel—completely 
different as far as skill level and func- 
tion is concerned. Computer program- 
mers are highly skilled. Among our 
computer programmers, there are metal- 
lurgists, physicists, mathematicians, and 
computer engineers, all working to- 
gether to synthesize the computer pro- 
gram. 

On the other hand, many of our parts 
programmers may be ex-machinists; 
they usually are high-school graduates, 
who may have had high-school mathe- 
matics up through trigonometry. Actu- 
ally, the parts programmer does not have 
to understand mathematics to program 
—or plan—a part. The people who pro- 
gram the computer must supply all the 
“brain work” that is carried out by the 
computer. 


ROBINSON: Our general  topic—at 
present—is the training and background 
of personnel involved in the machine- 
tool operation. And, as an offshoot, we 
might discuss where overall system re- 
sponsibility lies. There are several groups 
involved in the problem. The machine- 
tool manufacturer, the control-system 
manufacturer, the computer manufac- 
turer, the user, and perhaps an interme- 
diate organization to pull all of these 


groups together. It seems that a pretty 
fundamental problem in this area is the 
extent to which the user must coordinate 
the problems of learning how to do the 
programming, of learning how to main- 
tain the machines, of taking on the cost 
of the computer and the machine tool 
and the control system. 

The question of organization to solve 
the many problems involved in operating 
the machine tool is important. Mr. 
Rogers, in your case it is the user group 
which has organized to solve this prob- 
lem, and you have come up with an 
intermediate organization available to 
other users, haven’t you? 


ROGERS: This is essentially it. In gen- 
eral, I believe that the average user of 
machine tools can’t afford to invest in 
the purchase of a computer. Nor can he 
afford to invest in the cost of writing a 
computer program capable of doing 
everything he wants to do in production. 
To relieve the machine-tool user of this 
capital investment, which is unnecessary 
for him, organizations established at 
several convenient centers which are ca- 
pable of supplying this service will solve 
the investment problem for the user. 


ROBINSON: These service organiza- 
tions, not necessarily the machine-tool 
users or the control system or computing 
machine manufacturers, can prepare the 
program? 


ROGERS: As far as parts programming 
is concerned, I would consider this is a 
function of the user. The user should 
have personnel trained to utilize a com- 
puter program which will allow him to 
do his own parts programming. User 
personnel responsible for the mainte- 
nance of equipment (i.e., the machine- 
tool control systems) should be trained 
by the systems manufacturer and by 
those who have some fundamental ex- 
perience with the particular system un- 
der production conditions. Training 
should not be only from the point of 
view of the manufacturers because, at 
this stage of the game, the manufactur- 
ers’ feedback is not all it should be. 


ROBINSON: You are assuming that the 
user has to train people to maintain the 
equipment. This is certainly not the case 
with computers, where the field service 
to maintain it is usually bought with the 
computer. Should the buyer of a control 
system and a machine tool not buy the 
field service to maintain it, but rather 
maintain it himself? 

ROGERS: This depends upon the size of 
the user organization. A normal, me- 
dium-sized user organization can have his 
own people trained. He might depend 
initially upon the system manufacturer’s 
field service until his own people are 
qualified. 


MC KELVIE: Bendix supplies field serv- 
ice, if the customer wishes it. We also 
offer training for personnel from the 
customer’s organization. 


MATSA: Such field service is not always 
available. General Electric provides it. 
Bendix may provide it. Most manufac- 
turers of control systems will also pro- 
vide training for the users’ personnel. 
Some manufacturers will provide only 
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training for service personnel and not 
provide service and maintenance directly. 


ROBINSON: Are there many service 
organizations in operation? 


ROGERS: To my knowledge there are 
none as service organizations in numer- 
ical control of machine tools, other than 
the control systems manufacturers 
themselves.* 


ROBINSON: You mean the machine 
tool or the system manufacturers? 


ROGERS: The control systems manufac- 
turer as it pertains to the control system. 


HILTON: This is a point we should 
amplify. Would you define “control sys- 
tems manufacturer”? 


ROGERS: It is hard to define the bound- 
ary between the servo-loop and the me- 
chanical system. 


MC KELVIE: Bendix, for example, sup- 
plies the machine control unit itself, the 
hydraulic valves, the hydraulic motors, 
and the feedback device. 


ROBINSON: Does the manufacturer of 
the machine tool then have system re- 
sponsibility? 


MC KELVIE: The manufacturer of a 
machine tool is responsible for the ac- 
curacy of the lead screw and the basic 
mechanical integrity of the machine 
structure itself. And nowadays, at least, 
he shares the responsibility for machine 
dynamics with the supplier of the servo 
drives. 


ROBINSON: To whom does the user 
turn when he wants service assistance in 
preparing his programs and in operating 
his machinery? 


MC KELVIE: Normally, to the control 
unit supplier. 


MATSA: I think we are using the word 
“service” with two different meanings. 
There is one service for tape prepara- 
tion and there is another service for 
maintenance. 


ROBINSON: I am talking about tape 
preparation—operation assistance. Mr. 
Rogers’ organization is one from which 
support in operations might be obtained. 
Yet, in many other cases, assistance 
might be obtained from the computer 
manufacturer, the control-system manu- 
facturer and/or the machine-tool manu- 
facturer. It is not clear which one the 
user would turn to. 


MC KELVIE: It varies. Cincinnati Mill- 
ing Machine, I believe, supplies both the 
machine and the control unit and the 
guidance in preparing tape. But Cincin- 
nati doesn’t build a computer. 


ROBINSON: It seems that there is a 
real need for systems-oriented organiza- 
tions to whom the user can turn for 
guidance in the selection and operation 
of his numerical control system. 


ROGERS: I think we are doing this for 
some consulting firms now. 


MATSA: I want to emphasize the need 


* Rohr Aircraft Corporation, Chula Vista, Cal- 
ifornia, advertises such a service in Fortune, 
December 1960. 
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for training for the parts programmer, 
sometimes referred to as the process 
planner; i.e., the individual who prepares 
the input to the numerical control sys- 
tem whether the system uses a computer 
or a desk calculator or whether every- 
thing is done manually. If the pro- 
gramming is done by computer method 
with the use of a translator or compiler,* 
then the parts programmer, or process 
planner, doesn’t need to know much 
geometry or mathematics. However, if 
he has to do must of the computation— 
the work the computer would do—then 
he has to be a mathematician, an expert 
in describing procedures. 


Projection into the future... . 
How the designer can foresee 
future system requirements .. . 
Automatic programming. 


MATSA: I want to project a little bit 
into the future and ask the opinion of 
the other members of The Forum about 
the direction of numerical control—re- 
ferred to by the general name, design 
automation. 1 think that with the use of 
numerical control the designer will get 
much closer to the final product in time, 
and consequently much closer personally 
than now. In other words, design changes 
will be so much easier that the designer 
himself may define his product essen- 
tially in terms of a word description. 
Even at present, programs ignore all 
metal-cutting considerations. The parts 
programmer has complete control over 
the feed rates and all other machining 
functions that enter into the program. 
Thus, if he makes a wrong decision, the 
tool will just blandly go through and 
cut too much metal, or the tool will 
break or start burning the surface. There 
are no considerations in the programs 
now with respect to the stresses that may 
or may not be accumulated by cutting 
the part in a given way. In the next stage, 
the computer decides what the shape 
will really look like and makes the 
decision according to some design spe- 
cifications. This has been done on cam 
design, for example, where the input to 
the program is the actual function of 
the cam, and then the program just de- 
cides what shape the cam should have. 
This can generally be done for any part. 
In other words, (1) the computer can be 
used to help in the design process, and 
(2) the computer can be used to help in 
specifying some of the parameters in the 
numerical control complex, including 
feed rates, etc. 


ROBINSON: I agree. The potential 
users would do well to consider the fact 
that a digital computer used for numer- 
ical control functions could also be used 
for other functions, such as inventory 
control, control of material flowing in 
and flowing out, in other areas of man- 
agement and management control, and 
in engineering design. This is another 
force, if you will, that might tend to 
influence a potential user to rent his own 
computer and build his own program- 
ming staff rather than merely using a 
computer service. 


* To transfer verbal information into computing- 
machine language. 


Also, in support ot Mr. Matsa’s com- 
ments, we should note that up to now we 
have really been talking about taking 
the drawing at the starting point and 
working from there toward the part. A 
number of organizations are preparing 
their drawings from the numerical tape 
now, which is sort of a backward use, 
one that we might expect to see more 
of. This is a use consistent with Mr. 
Matsa’s comment. 


ROGERS: We can obtain engineering 
drawings from the equations. We are 
doing this particularly with some wave- 
guide data, transmission data and an- 
tennas and problems of this nature where 
the data are at hand and can simply be 
run into the computer. 


HILTON: If you are going to make 
drawings from the equations, and then 
go back from drawings to a numerical 
control program, why take the interme- 
diate, and apparently superfluous, step of 
preparing drawings at all? 


ROGERS: Because it is a conventional 
step to prepare drawings. 


HARRIS: Would an equation reveal 
defects? You might suddenly find that 
what you designed is something with a 
long thin corner on it which might not 
be apparent from the equation, but it 
would be obvious from the drawing. 


ROGERS: We customarily correct from 
the drawing. 


HARRIS: You cannot see the overall 
picture in a set of simultaneous equa- 
tions as well as you can from a draw- 
ing. That is why you have electric-circuit 
drawings instead of row-on-row of equa- 
tions. 


ROBINSON: It might be in order to men- 
tion some ideas concerning the future di- 
rection of numerical control. New imple- 
mentations of the various functions that 
are now being carried out should be con- 
sidered. Mr. McKelvie points out in his 
paper that there has been a change 
from tube flip-flops to transistorized flip- 
flops to, more recently, delay-line storage. 
We might do well to examine future 
trends now. 


MC KELVIE: I think the trend will be 
to adopt and incorporate new computer 
components and ideas as they are de- 
veloped and proved not merely practical, 
but highly economical and reliable to an 
extentyperhaps greater than in other 
areas of data processing. Long-term re- 
liability and economy are especially sig- 
nificant. Among the advanced develop- 
ments in the computer field, those which 
offer a higher reliability, smaller initial 
cost, and maintenance economy will be 
worked in, as will computer-organization 
ideas suitable for the special require- 
ments of the numerical control field. 


ROBINSON: How about transducers? 
We know that in present systems the 
feedback transducers include many tech- 
niques. 


MC KELVIE: The transducer situation 
is in rather good shape. The transducer 
does not appear to be the major limita- 
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tion to increased performance now. 


ROBINSON: What is the major limita- 
tion? 


HARRIS: I would say the limitation in 
accuracy is probably not in the trans- 
ducer, per se, but in some cases the ma- 
chine itself, to which the numerical 
equipment is tied—rigidity of the me- 
chanical elements, deflection of the mate- 
rial, and so forth. The result has been 
a trend toward designing sturdier ma- 
chines to put fine numerical control sys- 
tems on. Originally, the numerical con- 
trol equipment was added to old machine 
tools, but lately—as you could see at 
the Chicago Machine Tool Show—man- 
ufacturers are actually designing the 
tools and strengthening the whole me- 
chanical aspect of the machine to facili- 
tate operation under numerical control. 


ROGERS: Don’t you think it is the 
basic design of the machine tool and its 
capabilities that is involved? We are lim- 
ited now not necessarily by the response 
of the control system or the stiffness of 
the tool as such, but by our metal re- 
moval rates. 


ROBINSON: In other words, improved 
means of cutting must be found? 


ROGERS: Yes. That is one of our biggest 
limitations, not the dynamics or the con- 
trol system. Metal cannot be removed 
as fast as a machine can operate, This 
is, at present, our most severe limitation, 
as far as machine-tool control systems, 
not control systems on a process line, are 
concerned. 


ROBINSON: I would like to make some 
overall comments. Mr. McKelvie has 
emphasized the concept of low cost. It 
certainly is a factor. This relates to the 
need for turning out a product that is 
equal, or superior, in quality to products 
which we now make using manual meth- 
ods. We can only go so far with indi- 
vidual machines performing even mul- 
tiple operations. The direction, I would 
postulate, is toward the coupling of these 
machines with transfer mechanisms to 
feed the material between the various 
machines involved in a process. The 
growth of these techniques to encompass 
the whole production line with coordi- 
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nation between machines (and between 
machines and transfer mechanisms) is 
one of the major problems to be solved. 
Economy will come through increased 
speed of operations and will be a pre- 
mium in addition to increased quality. 
I would suggest as the eventual goal a 
coupling along these lines and a slow 
evolutionary growth through increased 
automaticity in all areas until we ap- 
proach a condition where the number 
of human beings working in a factory 
will decrease. 


MC KELVIE: The trend, as you suggest, 
is to link groups of numerically con- 
trolled machines with supervisory tech- 
niques involving, again, computer tech- 
nology. The fully automatic factory is 
on the horizon, but I don’t foresee a 
widespread implementation in the near 
future. 


ROBINSON: This is a question of eco- 
nomics. Our growth in this area may, 
in a sense, depend upon governmental 
fiscal policies. 


MC KELVIE: Limits on the speed with 
which automation can be introduced are 
primarily economic, not technical. There 
is just so much capital available. 


ROBINSON: I think it would be in order 
to caution designers concerning reliabil- 
ity, because each step we take along this 
road toward increased automaticity is 
another step closer to the danger—closer 
to a catastrophe—when the various 
mechanisms involved do malfunction. It 
is as important to build into a control 
system an automatic means for compen- 
sating for such errors as it is to build 
the basic machine. 


MATSA: With respect to cautioning de- 
signers, I would want to introduce for 
the panel’s consideration the concept of 
standardization in numerical contro! sys- 
tems. At least up to now, it seems that— 
completely independently—every new en- 
try into the control field has some com- 
mon basis with other systems, but every 
system has its own characteristics, its 
own format, without really having any 
good reason for deviating from most 
others. In some cases the savings in- 
volved do not really justify the devia- 


tion from the standard. There are com- 
mittees and organizations, such as the 
Aerospace Industries Association and 
the Electronics Industries Association, 
who have tried to standardize the input 
to control equipment. I think that all de- 
signers of control equipment should at 
least be aware of the fact that stand- 
ards do exist. 

Let me comment briefly on automatic 
programming systems for numerical con- 
trol, ranging from very simple systems 
to more flexible and more general sys- 
tems. The simplest systems use a very 
simple machine language. The more flex- 
ible systems use a language very much 
like English, with words to define the 
different terms. IBM is now developing a 
program called AUTO-PROMT to describe 
and machine complex three-dimensional 
shapes. The programmer describes the 
shape and the mode of machining gen- 
erally, but he does not describe the tool 
path. 


MC KELVIE: How does that relate to 
the APT program? 


MATSA: The APT program is a pro- 
gram to describe a contour which is an 
intersection of two surfaces. It describes 
the contour the tool will have to take. 
An example is one part which required 
50 pages of APT manuscript, but which 
would require approximately 500 pages 
of manuscript in simple language. In 
other words, there is a 10:1 reduction 
through the use of APT. To describe 
that three-dimensional shape in the AUTO- 
PROMT language requires less than one 
page; thus, there is a 500:1 reduction 
through the use of AUTO-PROMT. 


ROBINSON: We should comment about 
the development of an interesting situa- 
tion: progress in computer control seems, 
in general, to be paralleling progress in 
digital-computer technology. Automatic 
programming is one of the areas where 
great progress is being made in com- 
puter utilization and, teaming up with 
that, similar progress is being made in 
computer control. 


HILTON: Gentlemen, I am afraid our 
time is up. Thank you for participating 
in The Forum on Computing Machines 
in Control Systems. 
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SM GROUP 


Optional 0.1% or 0.01% regulation: 


3Y2” PANEL HEIGHT 


0.1% DC OUTPUT 0.01% 
REGULATION RANGE REGULATION 
MODELS VOLTS AMPS MODELS 


SM 14-7M 0-14 0-7 SM 14-7MX 
SM 36-5M 0-36 0-5 SM 36-15MX 
SM 75-2M 0-75 0-2 SM 75-2MX 
SM 160-1M 0-160 0-1 SM 160-1MX 
SM 325-0.5M 0-325 0-05 SM 325-0.5MX 


5%” PANEL HEIGHT 


SM 14-15M 0-14 0-15 SM 14-15MX 
SM 36-10M 0-36 0-10 SM 36-10MX 
SM 75-5M 0-75 0-5 SM 75-5MX 

SM 160-2M 0-160 0-2 SM 160-2MX 
SM 325-1M 0-325 0-1 SM 325-1MX 


834” PANEL HEIGHT 
SM 14-30M 0-14. 0-30 SM 14-30MX 
SM36-15M 0-36 0-15 SM36-5MX — SM GROUP 


SM 750M = 0-75 0-8 SM 75-CNK Precise, reliable performance in a 
SM 160-4M 0-160 0-4 SM 160-4MX wide choice of output ranges. 


SM.325-2M 0-325 0-2 SM 325-2MX Three rack sizes: 8%” H, 5%” H, and 
3%” H. Impervious to operational 
damage: circuit protection is an in- 
herent function of input transformer 
and regulator characteristics. 


’ 


HB GROUP 


Optional 0.1% or 0.01% regulation: 


342” PANEL HEIGHT 


0.1% DC OUTPUT 


HB GROUP 


REGULATION RANGE t ore performance: delivers 


MODELS VOLTS MA 0-325 v de at 200, 400, 600 or 800 
ma from one standard 34%” H rack- 


HB 2M 0-325 0-200 mounting package. 


HB4M == 0-325 0-400 Incorporates many “special” features 

HB6M = 0-325 0-600 as standard: constant current mode, 

HB 8M 0-325 0-800 remote programming, remote dc on- 
off control. 


; FOR DETAILED 
i SPECIFICATIONS 
PR GROUP ee ON MORE THAN 
7” PANEL HEIGHT 150 STANDARD MODEL 
a. POWER SUPPLIES, 
DC OUTPUT RANGE i + SEND FOR 


MODEL VOLTS AMPS 
PR15-30M 0-15 0-30 KEPCO CATALOG B-611 


PR38-15M 0-38 0-15 

PR 80-8M 0-80 0-8 

PR 155-4M 0-155 0-4 
0-2 


PR310-2M 0-310 A flexible new general-purpose line 


of semi-conductor power supplies. 


Adjustable wide-range outputs. } z 
+ 1% line regulation; semi-regulated 131-34 SANFORD AVENUE 


ed oes nore standard modifications FLUSHING 52, N. Y. 


IN 1-7000 * TWX #NY4-5196 


VISIT US AT BOOTHS 2636-2638 « IRE SHOW « N.Y. COLISEUM 
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Method for Experimental Study of Relay Stability 


Cc. F. CAMERON, D. D. LINGELBACH 
and C. C. FREENY 

OKLAHOMA State UNIVERSITY 

Stillwater, Oklahoma 


THE ABILITY OF A DEVICE to maintain 
specified operating characteristics with 
changes in conditions of input and out- 
put and in primary controllable in- 
ternal parameters may be considered 
to be the “stability” of the device. Sta- 
bility is a quality that is a result of 
design. The degree to which a device 
conforms to design objectives depends 
upon how closely adjustments or toler- 
ances can be maintained. Operating 
characteristics are not affected to the 
same degree by comparable variations 
in different variables; some variables 
must be held to closer tolerances than 
others since they affect device response 
more strongly. 

A method has been evolved for mak- 
ing experimental studies of the sig- 
nificance of important variables in the 
stability of electromagnetic relays. For 
the purpose, certain limitations of ex- 
perimental purpose and certain defini- 
tions were established. Contact be- 
havior is a separate consideration, so 
that the study was restricted to the re- 
lay actuator. 

The operation of the actuator was 
ascertained by detecting whether or not 


the armature closes when the coil is 
energized and opens when de-energized. 
The condition of “operation” was de- 
termined by recognizing that if oper- 
ate (or release) time was finite, the 
actuator had functioned, whereas if the 
time were infinite, the actuator would 
not have functioned. Relay stability 
sensitivity to various changes in oper- 
ating conditions and internal para- 
meters was studied by investigating the 
effect of such changes on the relay 
operating time. To give the method 
generality, and since various condi- 
tions and parameters are measured in 
different units, percentage and per unit 
variations were employed. 

The term “design point” was devised 
to mean “a particular combination of 
variables,” so that there followed the 
useful concept that a stable design 
point is a combination of variables that 
results in the least change in relay 
seating time with a change in any or 
all variables. This approach provided 
for the important fact that the effect 
on relay operation of a change in one 
variable is not independent—i.e., it is 
affected by the magnitudes of the other 
variables under any particular set of 
conditions, or design point. 

Five variables were found to be 
significant, and were included in the 
investigation. In order to be able to 


To d-c voltage 
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test relay ge 
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Test relay 
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To CRO 


Y input 


To CRO trigger 


transient coil current test circuit. 


repeat a test at the same design point, 
a relationship among the five variables 
was postulated: 


_ RéopRy 
d=——EN (1) 


where 


d = “design point” 
R = coil circuit resistance 
dp pan flux, proportional to re- 
ay back tension 
R, = magnetic reluctance with arma- 
ture open, proportional to air gap 
E = supply voltage 
N = relay coil turns 


In order to be able to frame the 
study in terms of “deviations,” the vari- 
ous design values of the variables were 
considered to be “100 per cent” values, 
and the corresponding relay seating 
time as the “100 per cent” time. Devia- 
tions of any one variable then could 
be considered to be some tolerance or 
adjustment that might be maintained 
upon that variable. 

Testing. The test circuit used to ob- 
tain the transient coil current of a 
relay is shown in Fig. 1. When the 
operate switch is closed, a signal trig- 
gers the input of the CRO, starting the 
sweep. A few milliseconds later, the 
relay under test is energized through 
the operation of the NO contacts on the 
control relay. A resistor with one side 
grounded is used to obtain a voltage 
proportional to the coil current, which 
is applied to the Y input of the CRO. 
Additional information can be placed 
on the CRO trace by modulating the 
intensity of the electron beam. This 
modulation is accomplished by supply- 
ing the Z input of the CRO with a 
signal. In order to mark the trace at 
the point where the relay armature 
starts to move, an auxiliary contact ar- 
rangement is placed on the armature 
of the test relay. This arrangement con- 
sists of a contact on the armature mat- 
ing with a fixed contact used as a back 
stop. This NC contact pair is across a 
segment of a voltage divider. With the 
armature against the back stop, the 
CRO Z input is at ground potential. 
When the relay armature moves, the 
shunt to ground is removed and the 
Z input of the CRO receives a step 
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Armature seats 


Start of blank caused 
by me | starting 
to move 


Coil of test 
relay energized 


4 7 
Sweep 
Sweep [Oo 


Fig. 2 — Transient coil current. 


voltage signal, which results in a mo- 
mentary decrease of intensity of the 
CRO beam so that a blank space ap- 
pears in the trace, Fig. 2. This “blank” 
is used to mark the start of armature 
motion. 

The seating-time values are obtained 
from the transient coil current build-up 
as the time interval from the instant 
the coil is energized to the end of the 
cusp, t, in Fig. 2. By virtue of the 
blanking signal, the pick-up time ¢t, 
and the armature travel time ft can 
also be evaluated. 

Effect of Variables. The effect of 
changing the supply voltage from a 
given nominal value to +10 per cent 
of nominal, with two values of back 
tension, is indicated in Fig. 3. The 
effect of back tension variation, of air 
gap changes and of variation in relay 
turns can similarly be demonstrated. 

Corresponding to any complete set 
of test conditions, a design point d can 
be calculated. This can then be related 
to any one of the variables expressed 


Fig. 3—Traces of relay coil current 
transients, with blanks at points of arma- 
ture pick-up, showing effect of voltage 
variation. Curves a, b and c represent 36, 
33 and 39.3 volts d-c with armature back 
tension of 145 grams, and curves d, e and 
f similarly represent the currents at these 
same applied voltages with a back ten- 
sion of 80 grams. On the horizontal time 
scale, each major division represents 5 
millisec, except for curve 6b, for which it 
is 10 millisec. The vertical current scale 
is 10 ma per major division. 


in per unit or per cent terms. The 
experimentally derived relations be- 
tween d and relay back tension, for 
instance, are shown in Fig. 4. 

By the use of Eq (1) and the ex- 
perimental results, it is possible to 
compute tolerances for each variable 
to remain within the limits for relay 
stability. Assume that it has been found 
experimentally that, for a given relay, 
the value of d must be kept within 
limits of 0.7 and 0.95, and it is de- 
sired to find the per cent variation x 
which may be permitted in each vari- 


Magnetic Amplifier Design for Remote Locations 


BARUCH BERMAN, Chief Engineer 
Commercial Products Development Dept. 
ACF Inoustries Inc. 

Paramus, N. J. 


MAGNETIC AMPLIFIERS for control ap- 
plications in remote locations must 
have a number of important character- 
istics. They must be linear, have good 
regulation, have sufficient gain, and be 
rugged and reliable. Consider the de- 
sign of such an amplifier which is to 
have a maximum output of 1 amp d-c 
at a voltage variable between 0.5 and 
12 volts d-c. The supply source is 120 
volts, 60 cycles, with 12-volt d-c avail- 
able for control. It is desired to make 
the output largely insensitive to line 
variations without the use of regulating 
loops. 

The circuit of full-wave bridge am- 
plifier suitable for this application is 
shown in the accompanying figure. This 
type of circuit affords independence 
from load characteristics, since the core 
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path for reset does not include the 
load. Two rectifiers in series with the 
gate windings are the main, or self- 
saturating, rectifiers. The other two 
rectifiers are complementary to com- 
plete the bridge. Each core has a bias 
winding and a control winding. No load 
current flows in the gate winding ex- 
cept when the cores are saturated. The 
cores are designed to absorb the line 
voltage when no control current is flow- 
ing. During this cutoff condition, only 
exciting current flows. This exciting 
current must be small to maintain the 
cutoff condition. 

The core material used in the ampli- 
fier is an oriented nickel-iron alloy 
which has a very square hysteresis loop 
with a high coercive force-to-flux den- 
sity ratio (B,,q, is approximately 14,- 
700 kilolines for an Hy of 0.2 to 0.4 
oersted.) Thus, with the proper number 
of gate turns, the core will develop the 
induced counter voltage required to 
maintain a low exciting current. The 


Seating time, per cent 


Back tension, per cent 


Fig. 4— Relations between relay design 
point d, back tension and seating time. 


able. Using Eq (1), 


0. [ots] = 0.95 


The enly real root to the above ex- 
pression is x == 0.06. This means that 
a 6 per cent change in each of the sig- 
nificant variables will cause the relay 
operating point to shift from a stable 
to an unstable point, if the variations 
of all the variables are in the same 
direction—i.e., to affect operation in 
the same manner. ooo 


squareness of the hysteresis loop also 
assures a very low inductive reactance 
drop when saturation is reached. For 
this type of material, the inductive 
reactance should not be more than 5 
per cent of the voltage applied to the 
core. Of course the voltage must be 
high enough to take care of losses, volt- 
age drops and linearization of the out- 
put curve; however, at no load and cut- 
off, the voltage must be absorbed by 
the core which must be taken into 
account when the number of turns on 
the gate winding is specified. More 
turns than necessary on the winding 
will increase the inductive reactance. A 
balance between these two factors must 
therefore be achieved. 

A bleeder resistor is used across the 
output of the amplifier to shunt the ex- 
citing current away from the load and 
provide a minimum load at all times. 
Without this resistor, the induced volt- 
age would not be developed in the 
amplifier cores and high-impedance 
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loads would be subjected to the full 
voltage. Linearity would thus be de- 
stroyed. 

Regulation is achieved by making the 
bias supply operate in a reset mode. 
The bias power is supplied during the 
half cycle in which the gate is blocked 
off. The ratio between the bias supply 
and the voltage induced in the bias 
winding is chosen carefully. When the 
line voltage rises, the bias voltage also 
rises, thus feeding more bucking volt- 
age into the reactor and retarding the 
firing angle. The output then tends to 
remain constant. A plot of different out- 
put-voltage levels obtained with various 
settings of the control potentiometer vs 
supply voltage variations constitutes a 
family of horizontal lines practically 
parallel to the abscissa. 

In calculating the size of the supply 
step-down transformer, the following 
formula is used to determine the sec- 
ondary voltage required: 


a Ti, (R + Rr) + Ve 
: K, (1 — 1X) 
where 
i, load current (1 amp) 
R gate winding resistance (1 
ohm) 
load resistance (12 ohms) 
rectifier 
volts) 
= form factor (0.85) 
1X = inductive drop (0.05) 


voltage drop (1.5 


Using the values given above, the volt- 
age required is 


»_ 11 +12) +1.5 


es 0.85(1 — 0.05) = 18 volts 


This is the minimum required. To 
provide for linearity, it is customary to 
increase this by about 17 per cent so 
that the actual design value is 21 volts. 

The formula for computing the num- 
ber of turns, core size, etc., for the 
gate winding is 

E = 4.44 fBANK X 10-8 — Ver 

where 

f ==supply frequency (60 cycles) 

B = flux density 

A = core cross-section area 

N =number of gate turns 

K =stacking factor 


V, rectifier voltage drop 


e 


In the case being considered here, the 
output voltage is high enough and 
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Schematic diagram of full-wave bridge magnetic amplifier which is inherently regulated 


and has a linear input-output characteristic. 


silicon rectifiers are used, so that 
the rectifier voltage drop can be neg- 
lected. To insure low magnetizing cur- 
rent and to improve cutoff conditions 
with a rising input line, the gross flux 
density is chosen to be 80,000 lines per 
sq in. The core used has a cross-section 
area of 0.25 sq in. and the stacking 
factor is 0.84. For a voltage of 21 volts, 
we can now calculate the number of 
required turns as 


21 


N = ca BAK X10 


21 
~ 4.44 X60 X 80,000 X0.25 X0.84 X 10-8 


470 turns 


Each gate winding will therefore be 
wound with 470 turns. 

It is now necessary to determine the 
wire size. The criterion for the selection 
of the wire size is low resistance. In 
cases of this type, a good rule of thumb 
to follow is to allow 1000 circular mils 
per ampere. The rms current each reac- 
tor is required to carry is 


ae =s x Kz 


where K, is a constant which may be 
calculated theoretically or obtained 
from rectifier and magnetic-amplifier 
design handbooks. In this case, for a 
full-wave bridge, it is 0.85. Since the 
output current is 1 amp d-c and it is 
good practice to have a bleeder current 
of about 20 per cent of the output, the 


Resistance-Temperature Nomograph 


ROBERT L. PETERS 
Development Engineer 
Aeroyet GENERAL Corp. 
Sacramento, Calif. 
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IN CONTROL SYSTEMS, variations of re- 
sistance due to changes of temperature 
or to the occurrence of environmental 
temperatures different from those at 


total d-c current carried by the wind- 
ing is 1.2 amp. Thus 


Teme = 1.2 X 0.85 = 1.02 


From a wire table, we find that No. 20 
wire has an area of 1022 circular mils, 
so this is the size wire which is used. 

The design of the bias and control 
windings may be carried out in a 
similar manner. The values obtained 
are shown in the diagram. The bias 
turns are designed to support more 
volts per turn than the gate winding. 
The ratio between bias and gate volts 
per turn is usually between 1.3 and 1.5 
for 4-mil core materials. A lower ratio 
would be required for 2-mil material. 
In general, the amount of compensation 
required is less when the width of the 
dynamic magnetizing loop is narrower. 
In theory, the ratio for ideal cores 
would be equal to one. 

The total ampere turns in the control 
windings for this circuit cannot be 
calculated strictly by multiplying the 
magnetic length of path by the ampere 
turns required per inch of the core. 
When approaching saturation, the react- 
ance of the bias winding becomes smal- 
ler and the bias counteracts the control 
ampere turns tending to reduce the 
gain. The product of ampere turns per 
inch and path length has to be multi- 
plied by twice the ratio of volts per 
turn. For the circuit described here, the 
total control ampere turns is 11.6. The 
total bias ampere turns is 20. OOO 


which the components were rated may 
cause significant error in design. Con- 
ductors near a heat source will have a 
different resistance from ‘those in a 
cooler location, even if they are in the 
same circuit. 
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The accompanying nomograph per- 
mits the determination of resistance at 
high temperatures when the resistance 
at 20 C is known. In using the nomo- 
graph, a factor of 10” must be ex- 
tracted from the original resistance 
and then must be returned to the re- 
sult. For instance, an initial resistance 


40 Resistance, 
Relative ca ohms X 10” 
conductivity 15 
( per cent) 


Point 
D 


Molybdenum 


Phosphor 
bronze 


Chromium 
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of 120 ohms would be entered on the 
nomograph as 1.2; and if the result 
were 1.5, the actual resistance would 
be 150 ohms. 

The following steps should be fol- 
lowed in using the nomograph: 

I. Select the proper relative conduc- 
tivity for the material concerned on 


the left-hand scale. Draw a line between 
this point and the pivot point A at 
the bottom of the temperature scale. 
Mark the point where this line crosses 
the center index line B. 
II. Using the same conductivity, draw 
a line to the operating temperature. 
(Continued on next page) 


Temperature, 
deg C 
1250 


1200 





DESIGN Trends 


OE A TS, 


(Continued from page 159) 


Mark the point where this line crosses 
the index line C. 

Ill. Draw a line from point B through 
the original resistance, R,. Where this 
line cuts the conductivity scale, mark 
point D. 

IV. Draw a line from point D to 


Spline-Drive Armature in Rugged 
Magnetic Clutch and Brake Design 


R. C. WITMER 
Warner Evecrric CLutcn AND Brake Co. 


Beloit, Wis. 


STEEL DRIVE PINS have been the tradi- 
tional method of armature drive for 
electromagnetic dry friction clutches 
and brakes. Although this method has 
been completely acceptable for most 
applications, a more rugged type of 
drive was needed where extremely high 
cycles or heavy shock loads were preva- 
lent. It was apparent that the new 
method of drive would have to provide 
for greater bearing surface, and yet 
still provide a key advantage of the 
drive-pin system—automatic wear fol- 
low-up. 

In solving the problem, Warner de- 
sign engineers utilized a traditionally 
reliable method of load distribution 
the spline. Greater available bearing 
surface in the new spline is readily ap- 
parent when comparing the projected 
area of 20 teeth on an 8-in. spline drive 
unit to the 3 drive pins used in the 
other type of drive. The splined arma- 
ture adapter, or outer member, bolts 
to the Warner armature. The internal 
involute spline is lubricated with mo- 


lybdenum disulfide for initial break-in 
and requires no further lubrication. The 
mating splined hub is secured to the 
shaft by a split, tapered bushing. The 
armature and adapter assembly are 
then free to move along the spline, al- 
lowing the armature to make contact 
with the magnet. 

Automatic compensation for magnet 
and armature wear is provided by an 
autogap spring. This spring fits over 
the splined hub and moves with the 
armature toward the magnet for wear 
compensation, yet always maintains an 
automatic running gap of 1/32 in. 
when the unit is disengaged. No initial 
adjustment is necessary. On comple- 
tion of mounting, the armature is 
pressed tightly against the magnet face, 
and on release the running gap is auto- 
matically set. 

In addition to automatic wear com- 
pensation and _ heavy-duty features, 
other advantages are: longer armature 
life, less maintenance, and easier in- 
stallation and alignment. Extensive 
laboratory and field tests have proved 
the new armature in millions of cycles 
without malfunction, attesting to the 


ruggedness of the design. Applications 


Relay Characteristics Amplified 


J. T. CARROLL and D. E. KING 
Control Department 
Avuis-CHALMERS MANUFACTURING Co. 
Milwaukee, Wis. 


OCCASIONALLY, in special systems, re- 
quirements for relays and other con- 
trol devices go beyond the standard 
design characteristics. In these in- 
stances, it is not always practical to 
redesign the device to fill the specific 
need. 

Such a situation involved a set of 
relays needed for a special application 
combining shock, vibration, accelera- 
tion and sensitivity. Standard relays 
would not quite fill the requirements. 
Relays with the following general 
characteristics were required: 
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l. Differential d-c voltage relay, capable 
of detecting a voltage difference of 15 
volts and withstanding a continuous dif- 
ferential voltage of 750 volts. 

2. A low-voltage d-c relay capable of 
detecting a voltage of 10 volts but with- 
standing 750 volts continuously. 

3. A relay capable of detecting 12 volts 
d-c with polarity discrimination and capa- 
ble of withstanding a continuous 400 volts 
of either polarity. 

4. Over-voltage and over-current relays 
capable of continuous adjustment to 
operate over a range of more than 15 to 1 
with a high degree of accuracy through- 
out the range. 


In addition, the relays were to be 
unaffected by vibration or forces of 
sustained acceleration of 1.3 g in a 
linear horizontal direction. In several 


point C. The result, R., may then be 
read off the resistance scale. 

The dashed lines on the nomograph 
illustrate an example. The material is 
aluminum with an initial resistance of 
12 ohms. The resistance at 500 C is 
found to be 27 ohms. O00 


Warner spline drive armature assembly 
for 8, 10, 12 and 15-in. brake and clutch 
couplings can also be used on special 
clutch applications where machine manu- 
facturer supplies his own splined hub. 
After bushing shown is secured on shaft, 
the armature of the spline drive unit is 
pushed against the magnet face. On releas- 
ing the armature, a spring automatically 
sets the proper air gap. 


ideally suited to the new drive are those 
where maximum armature reliability is 
required, due to high cycle rates or 
high inertia loads. Such applications 
are found on shears, punch presses, 
compressors, pumps, machine tools, 
packaging machinery, and _ similar 
equipment. O00 


cases, latching in the tripped position 
with targets to indicate operation was 
required. 

Conventional multi-purpose relays, 
frequently applied in such service, 
lacked sufficient accuracy for this ap- 
plication and were generally unsuitable 
for the ratio of operating-to-withstand 
voltage. Tests also indicated that con- 
ventional relays might not be reliabie 
under vibration and acceleration con- 
ditions. Standard protective and moni- 
toring relays were also unsuitable. 

A standard line of relays developed 
and built in volume for diesel-electric 
locomotive control had all the require- 
ments of accuracy and reliability under 
vibration, shock and sustained accelera- 
tion. In addition, a mechanical latch 
and a target were available as optional 
features, but their sensitivity was not 
sufficient for the new applications. An 
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obvious answer was an amplified signal. 

Because of its static characteristics 
and ability to provide high gain and 
accept multiple signals with electrical 
isolation, magnetic amplifiers provided 
the answer for the application. Cutoff 
and saturation characteristics of these 


load , milliamperes 


C 


D 


Control winding ,ampere-turns 


Fig. 1— Magnetic amplifier control-wind- 
ing transfer characteristic without positive 
feedback. 


amplifiers offer a convenient solution 
to the relatively large withstand-to- 
operating voltage ratio. 

The magnetic amplifier selected for 
this application was a medium high-gain 
unit in the low-voltage class. It is a 
standard catalog unit except for the 
addition of increased insulation on con- 
trol windings to accommodate the high- 
er voltages. To insure a positive switch- 
ing or snap-action, the magnetic ampli- 
fier was used with positive feedback. 
Typical characteristics of the magnetic 


Fig. 2— Magnetic amplifier with positive 
feedback added (Fig. 3) has switching 
characteristics which make it suitable for 
controlling a power relay. 


amplifier without and with positive 
feedback are shown in Figs. 1 and 2. 
The schematic of the relay assembly is 
shown in Fig. 3. 

Combination of a proved relay and 
a proved static amplifier made possible 
new characteristics, otherwise not easily 
obtainable, to solve a difficult control 
problem. 


D-C load, milliamperes 


~> 


Control winding , ampere-turns 


Fig. 3 — Schematic of typical circuit for 
“amplifying” relay characteristics by 
means of a magnetic amplifier with posi- 
tive feedback. 


Fast-Switching Transistor Operates at Micro-Energy Levels 


C. D. SIMMONS, Manager 
Commercial Engineering 
LANSDALE Div., Putco Corp. 
Lansdale, Pa. 


HIGH-SPEED LOGIC switching at milliwatt 
levels has been achieved by designing 
a micro-alloy diffused-base germanium 
transistor (Fig. 1) with very small elec- 


trode capacitances. 

Called a “micro-energy switch,” the 
2N768 transistor operates in simple 
logic circuits (Figs. 2 and 3) at pulse 


Characteristics of Phileo MADT Field-Flow Transistor for Low-Current, Low-Voltage Saturated Switching Circuits 
Salant a 


ELECTRICAL CHARACTERISTICS (at 25 deg C) 


Output capacitance, C.., pf 
—6 volts, J, = 0, 


Min- 
Static characteristics | imum 
Collector reverse current, vamp 
Iceo (Vcz = —5 volts) 
Vczo, volts (Iczo = 10 wamp) 
Ices, pamp (Vces = 10 volts) 
Izzo, pnamp (Vege = 1.5 volts) 
Iczo, namp (Vee = 5 volts, 55 C) 
Are (Vce = —0.2 volt, 
Ic = —2 ma) 
Base input voltage, Vez, volts 
(Ic = —2 ma, Ig = —0.2 ma) 
Collector voltage, Vcz, volts 
(Ic = —2 ma, Ip = —0.2 ma) 


Max- 


imum 


Typi- 
| cal (Va = 
f = 4mc) 


Dynamic characteristics 


Max- 
imum 


Min- Typi- 
imum cal 


Gain-bandwidth product, fr, mc 
(Vee = 1 volt, J; = 1 ma) 


Hole storage factor, K,’ 


MAXIMUM RATINGS 


Storage temperature 


Collector voltage, Vcz 
Collector voltage, Vczs 
Collector current, Ic 


nn 
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12 volts 
10 volts 
100 ma 
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CAS) AY 
soldering iron 
ever 

invented 

l~f-= he 


Tale alll 


—, 


IS NOW 
old-fashioned as 
high button shoes 


Think of every feature, every benefit, you would design into a “ vorman thing cuneea 
soldering iron if you could...and you have IMPERIAL ! Only UNGAR ee ee 
Electronic Division of Eldon Industries, Inc. 


experience and research could have developed this cool, light- 1475 E. El Segundo Blvd., Hawthorne, Calif. 
weight, easy-handling iron. From tip to cord... the ultimate in Please cend sae free talb- cole taenenass, beeches! 
interchangeability. There are so many revolutionary new ideas 
in IMPERIAL we had to put them all in an 8-page brochure. 
Send for your free copy now! 


NAME nenasstaicaethepadnsiteheiisilansiinninisiidearingannicsiainipietabnaniomnsiagiil 
TITLE _ 
COMPANY 


SKERMPEVRITAEMGED “iigietioleenpace | 
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rates greater than 15 mc when switching 
2-ma collector currents at a 2-volt col- 
lector voltage. Operation at such low 
collector power explains the 35-milli- 
watt dissipation which allows exceed- 
ingly high circuit-packing densities at 
no sacrifice in switching speed. High 
densities are normally attended by heat- 
dissipation problems which are mini- 
mized by this TO-9 packaged semicon- 
ductor. Oooo 


-2 volts 


+! volt 


Fig. 3—Inverter with Philco high-speed 
switching transistors has typical propaga- 
tion delay of 0.008 microsec/stage. 


J 


Fig. 1—Phileo “micro-energy switch” 
germanium transistor for reliable, high- 
density, high-speed logic modules. 


-2 volts -2 volts 


+1 volt +1 volt 


Set Reset 
Fig. 2— Typical 5-me flip-flop using a 
pair of micro-energy switches. Two-volt 
negative pulse is required for “set” or 
“reset.” 


Brush Threading and Selective Action 
Related to Current Distribution 


R. S. PURVIS 
Cuarites E. CHapin Company 
(Eastern Agent, Speer Carbon Co.) 

New York, N. Y. 

' BrusH FRICTION varies inversely with 
the current density in the brutes, an 
effect which is sometimes referred to 
as “electrical lubrication.” It follows 
that the contact surfaces of the brush 
and the commutator (or slip ring) do 
not remain stable even though the 
brush-holder springs maintain equal 
and constant pressure. Without stability 
at the contact surfaces, it is practically 
impossible for the brushes to produce 
a uniform film on the commutator. Var- 
jations in the film also bring about a 
variation in the contact resistance 
which in turn permits the current to 
break through the film at points where 
it is weakest. 

In the beginning, this break in the 
surface film is visible as a fine line or 
thin streak which generally remains 
clean and bright thereafter. These fine 
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lines or streaks are referred to as 
“threading,” as they generally appear 
in a number of places under some or 
all of the brushes. Due to the absence 
of any film or carbon deposit at these 
lines or streaks, the contact resistance 


Current connection 
Fig. 1 — Conventional brush rigging, lead- 
ing to non-uniform distribution of load 
among brushes and unequal wear. 


is lowered and consequently most of 
the current under the brushes where 
the threading appears is now carried at 
these points of lower resistance. With 
this increase in current, the tempera- 
‘ture rises at these points and the resist- 
ance lowers still further, so more cur- 
rent is encouraged to flow to these 
bright paths. Quite frequently, the 
heavy current which is concentrated at 
these points becomes so extreme that 
the film along the edges of the streaks 
is burned away. This results in broader 
bands of varying widths and when wide, 
bright bands develop under some of 
the brushes, they become selective and 
absorb most of the load being carried 
by the machine. 

The brush rigging on most present- 
day machines offers room for some im- 
provement in behalf of better current 
distribution. Usually the current is car- 
ried through the holders with the brush 
shunt connected to the holder, Fig. 1. 
This puts the holder and brush shunt 
in parallel. However, the brush boxes 
not being uniform, the contact resist- 
ance varies and, where the brush makes 
contact with clean surfaces of the 
holder, more current is forced to that 
brush. On the other hand, the contact 
resistance may be high where dirt and 
wide clearances prevail. This cuts down 
the current carried by that brush. 

In addition, many older machines 
were made with conductors of unequal 
length and cross section leading to the 
brush holders, and joined to the brush 
arms at one end. Such conductors insert 
unequal electrical resistances in series 
with different brush arms and individ- 
ual brushes and result in unequal cur- 
rent distribution among the brushes. 

A preferred arrangement, to mini- 
mize inequalities in current distribu- 
tion over all the brushes from arm to 
arm, is shown in Fig. 2. Leads of equal 
length and cross section are brought 
from the line to the center of the brush 
arm. This feature, coupled with the use 
of constant-pressure brush springs in a 
design similar to that of Fig. 3 (where- 
by the holders are prevented from car- 


Current 
connection 


Fig. 2— Improved current distribution by 
connecting equal-length leads to center of 
brush arm. 
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MACALLEN BUILT-UP MICA MAKES BETTER INSULATION BECAUSE IT'S 


WHATEVER YOUR INSULATING REQUIREMENTS, 
you can meet them with Macallen Built-Up 
Mica. It comes in many forms and sizes — 
from tubes, tapes to sheets. The amount 
of flexibility, rigidity, hardness, compres- 
siveness, and physical strength can be 
varied. It can be sawed, punched, drilled 
or molded. 


And Macallen Built-Up Mica is tough. 
It has extremely high dielectric strength, —-J 
excellent resistivity, low dielectric loss and .w9 
maximum stability under practically all 
atmospheric conditions. 


No other material has all the electrical 
insulation qualities of mica. And no one 
knows how to make better use of them 
than Macallen. 


Find out how Macallen Built-Up Mica 
can solve your insulation problems. Write 
for Catalog 26 today. No charge or 
obligation. 


| \| | The first name in mica 
| ae Pa. Pea ied for more than 60 years. 


i | 


THE MACALLEN COMPANY LU 
Bay Road * Newmarket * N.H. 


Chicago: 565 W. Washington Blvd. Cleveland: 1231 Superior Avenue, N.E. 
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rying most of the current), will pro- 
duce a more uniform current distribu- 
tion over all the brushes. 

It should be noted that, basically, 
brushes in service are erratic, and it is 
extremely difficult to predict their ac- 
tion. During operation most machines 
are exposed to many variables, such as 
load, temperature, humidity and atmos- 
pheric conditions, also the presence of 
dust or oxide-forming fumes. It there- 
fore becomes important that the opera- 
tion of the brushes should be aided 
wherever possible by improvements in 
machine design. 

Brush Materials. Improvements in the 
design of electrical power and gener- 
ating equipment have led to reduc- 
tions in size and weight with consider- 
able increases in operating speeds and 
current densities. These changes have 
made it necessary to develop brush 
grades which would properly take care 
of the greatly increased demands on the 
brushes. Before these grades were de- 
veloped, most of the brushes in use 
were carbon or graphite or a mixture 
of these materials, and the demands on 
the brushes were well within the range 
of available grades. Higher speeds and 
heavier electrical loads, with fewer and 
smaller brushes per unit, have made it 
imperative that a different type of 
brush material be produced. Electro- 
graphitic brushes were developed and 
found to be capable of handling these 
heavier demands, and to have definite 
advantages over the old carbon or 
graphite grades. When first applied, 
improved commutation, good brush life 
and reduced commutator wear were im- 
mediately noticeable, because electro- 
graphitic brushes withstand severe op- 
erating conditions and offer a great re- 


Fig. 1— Melpar Model 100 photoelectric 
reader contains light source and photocell. 
Single rod-like lens, partially visible 
through aperture, eliminates need for 
careful lens alignment although fine-line 
projected beam covers an area only 1/32 
in. wide by )4 in. long. 
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Fig. 4— An example of brush wear due 
to threaded commutator. 
»—> 


Current 
connection 
ft 


sistance to arcing. 

In some applications of electro-graph- 
itic brushes, commutator threading and 
its related problem of selective action 
began to appear. The effect on brush 
wear of commutator threading is shown 
in Fig. 4. Contributing to this are a 
number of factors. Electrographite 
grades are low in friction and non- 
abrasive. Depending upon the process 
and the type of material from which 
the grades are made, they are film-form- 
ing to a greater or lesser degree. This 
film is an electrolytic deposit on the 
commutator surface by the anodic 
brushes, generally the positive brush 
on a motor and the negative on a gen- 
erator. It is of great importance in de- 
veloping the proper contact surface on 
both the commutator and the brush. 

The uniformity with which this film 
is laid down on both contact surfaces 
governs the degree to which threading, 
selective action and brush and commu- 
tator wear occurs. Anything which dis- 
turbs or interferes with the stability of 
the brushes during operation will have 


<€& 

Fig. 3— “Ideal” brush rigging. A non- 
conducting base (A) carries copper bar 
(B) which is connected to the line. Brush 
boxes (C) are simply holders, carrying 
no current because of the shunts (D). 


a detrimental effect on the uniformity 
of the film across the whole width of 
the commutator. Unequal distribution 
of current over all the brushes is a 
factor of great relevance but quite 
frequently overlooked. 

Investigation of newer machines 
which exhibit uniform commutator 
wear shows that they differ from old 
machines in two significant ways. They 
are equipped with (1) leads of equal 
cross section and length connected to 
the center of each brush arm and (2) 
“Negator” type springs, designed to 
maintain constant and equal pressure 
on all the brushes, regardless of wear, 
and thus help to equalize the contact 
drop—a very important factor when the 
brushes are carrying lower current den- 
sities than their rated capacities. Of 
greater significance is the arrangement 
of the lead-wire connections intended to 
equalize the current distribution over 
all the brushes. In machines of con- 
ventional design, the current distribu- 
tion over the brushes of the same po- 
larity is definitely not uniform. O O O 


Photoelectric Reader Senses Reflected 
Light Intensity 


W. P. ASTEN 
ME-parR, INCORPORATED 
Falls Church, Virginia 


PHOTOELECTRIC READER consists of a 
photocell, light source and a single 
common rod-like lens in a compact 
housing, Fig. 1. The reader may be 
mounted in a small limited-access area 
where multiple-lens systems would be 
impractical. 

In the interior of the reader, Fig. 2, 
a light beam from the exciter lamp is 
projected from ¥ to %& in. beyond the 


aperture of the unit by a cylindrical 
lens. Light reflected by any surface 
appearing in the vicinity of the aperture 
is focused back through the same cylin- 
drical glass lens and falls on the light- 
sensitive surface of the photocell. The 
tiny size of the projected light beam 
on the target area, 42 x ¥% in., provides 
a system that is quite insensitive to 
ambient light. 

Model 100 reader has overall case 
dimensions of 134 x ¥% x \% in. The 
light source is a keyed GE 328 bulb. 
Keying orients the filament parallel to 
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Contrary to a common belief shared by many users of 
specialty capacitors for a-c applications, all capacitors 
are not alike. Some brands have not changed in 
design or construction for years. Others make changes 
to keep up with competitive products. Sprague Electric, 
however, constantly improves its designs for maximum 
dependability and minimum cost. 


1. “UNIVERSAL” TERMINAL LUG 


BLADE Fi 
*QuicK Connect 
CONNECTORS 


NOTCH AND <— 
~~ nee 


REO 
CONNECTIONS 


Single-blade or dual-blade, designed for use with 
“quick-connect” connectors. Also has notches and 
eyes for soldered connections—an important feature 
when “quick-connect” connectors are inadvertently 
destroyed by servicemen. Copied and imitated by 
others, universal terminal was originally designed by 
Sprague, is now patented by Sprague, 


2, DOUBLE RIVET CONNECTION 


NOTE WEAK SHOULDER -BENDS 
WHEN STRESS IS APPLIED 
TO TERMINAL 


LL Me —PHENOLIC 


=a RuBBER 


CONTACT DEPENDEN 
rn COMPRESSION. 
e€ve.erT OF RUBBER 


ORDINARY EYELET 


TAB OR LEAD 

SPRAGUE DOUBLE RIVET 
Unique new rivet design for positive metal-to-metal 
contact between rivet and terminal as well as between 
rivet and tab. Unlike ordinary eyelet where weak 
riveted shoulder will bend or break when terminal 
is pulled, as often happens when removing snug-fitting 
“quick-connect” connectors, Sprague rivet prevents 
arcing caused by loosened contact points. Patent 
pending on this unique design. 


For Engineering Bulletins or application assistance on Sprague’s 
complete line of a-c specialty capacitors, write to Technical Litera- 
ture Section, Sprague Electric Company, 307 Marshall Street, 


North Adams, Massachusetts, 


Although the terminal assembly is a relatively small 
part of the entire unit, it has often been the cause of 
capacitor failure. Here, Sprague has developed new, 
improved terminals which eliminate failures of this 
nature, reduce equipment manufacturers’ assembly 
time, and make future servicing easier. Here are some 
of those recent improvements: 


3, DOUBLE-CUP INSULATOR 


DOUBLE -CUP INSULATOR 
NOTE TERMINAL RECESSED IN 
SPACE PERMITS , INSULATOR 
PAINTING ‘ 
PLATING OF 
COVER 


COMPRESSED 
SILICONE 
GASKET 


New one-piece molded phenolic cups for increased 
rigidity and prevention of terminal rotation. Unlike 
ordinary single-cup construction, which permits 
accidental twisting of terminals, causing leads inside 
capacitor to “short” or break off, terminals in Sprague’s 
new double-cup insulator cannot turn because of 
square recess in molding which accommodates base 
of terminal. Bottom of insulator has contoured shape 
which permits plating or painting of entire capacitor 
cover, in full compliance with Underwriters’ Labora- 
tories, Inc. requirements for outdoor applications. 
No hidden, unprotected areas, as with ordinary single- 
cup. Patent pending on this assembly. 


4. STURDY STUD TERMINAL 


TERMINAL 


MOLDED 
PHENOLIC 7 
INSULATOR 


KRAFT 
COMPRESSED INSULATOR 
SILICONE 

GASKET TAB OR LEAD 


Pull-proof, welded terminal assembly designed to 
take severe physical abuse. The first reliable stud 
terminal available on a-c specialty capacitors. Although 
superior in performance, new Sprague design actually 
costs less than any other stud-type terminal. Patent 
pending on this assembly. 


SPRAGUE 


THE MARK OF RELIABILITY 


WORLD’S LARGEST MANUFACTURER OF CAPACITORS 
See us at the IRE Show—Booths 2416-2424 
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the lens axis, assuring maximum light 
projection. Response time of the device 
is up to 100 cps with the Clairex CL-3 
photocell. 

Counting, indexing, positioning, sort- 
ing or inspection are a few of the pos- 
sible photoelectric reader applications 
in the field of automatic control. An- 
other application, a cueing system for 
magnetic tape recording, has been de- 
vised by affixing a short piece of white 
splicing tape to the magnetic tape at 
appropriate intervals, the white tape 
providing the necessary reflection dif- 
ferential. 

The range 


of photocell resistance 


Fig. 2— Cutaway view of photoelectric 


reader and typical application. 


Heat-Run Slide Rule 


D. P. SPALDING 

Small D-C Motor and Generator Dept. 
GeNnerRaL Evectric COMPANY 

Erie, Pa. 


THE CHART SHOWN on p 170 has been 
used successfully to prorate heat runs 
for d-c motors and should be valuable 
for this purpose for other types of equip- 
ment. Cut out or copy the current scale 
shown for use with the chart as in the 
following example: 

A certain 15 hp motor was tested 
with the following results: 


armature current 
ambient 28 { 
armature temperature 71C 


53 amp 
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values which correspond to cell color 
(see accompanying table) 
suggests use of the device in sorting 
items by color. 


response 


A control circuit for color sorting is 
shown in Fig. 3. Point A may approach 
a 2:1 variation when distinguishing be- 
tween black and white objects. The 
conduction point of each 2D21 is set 
by R5. Since the 2D21 will conduct and 
extinguish with a 0.25-volt change on 
its control grid, it is possible to provide 
numerous relay circuits operating from 
a single photoelectric reader unit, each 
operating at a pre-selected light (or 
color) value as determined by the set- 
ting of R5. O00 


Control circuit | 
00 k 
1/2 wott 


220k 
1/2 watt 


—6 volts d-cH 


Control circuit 2 


To additional 
control circuits 


Fig. 3 


Response of Clairex CL-3 Photocell fo 
Various Colors 


Reflecting medium used is colored Scotch 
cellophane tape Type 600, 4 in. from 
Melpar photoelectric reader aperture. 


Color | D-C ohms 
Black 19,000 
Green 16,000 
Brown 15,000 
Purple 15,000 
Blue 14,000 
Red 11,500 
Orange 11,000 
Yellow 10,500 
Silver 10,500 
White 10,000 


24-volt relay 
600-700 ohm coil 


\17- volt 


750 ohms, 2 watts 


Buf 
450 
volts 


Suggested control circuit, energized by a single Melpar photoelectric reader, 


for distinguishing between colors. Setting of R5 for each color depends upon photocell 
spectral response, intensity of incident light, surface condition of reflecting object. 


armature /2R loss = 684 watts 

other armature losses —= 372 watts 
The rise above ambient is only 43 C. 
The specifications allow 60 deg C rise. 
What current will produce this rise? 

ANSWER: The other losses are chiefly 
core loss and are essentially independ- 
ent of the armature current. Hence, 
consider them as constant losses. The 
total losses are 684 + 372 == 1056 
watts, 

The constant losses accounted for 
43(372/1056) = 15 deg C of the 
temperature rise. Lay the current scale 
along the horizontal line at 15 C. Align 
53 on the current scale with 43 on the 
chart. Now note that 60 on the chart 
is opposite 67 on the scale. Thus, a 
load of 67 amp will produce a rise of 


60 C in a 28 C ambient. 
The theory underlying the chart is 
as follows: 


1. The temperature rise is proportional 
to the losses. 

2. There are only two classes of losses: 
(a) those that are proportional to the cur- 
rent squared and (b) those that are in- 
dependent of the current. 

3. The effect of the change of resistance 
with temperature is included. 

4. The ambient temperature is 25 C. 


On the basis of these assumptions, 
we develop the following equations: 


Df Seer. ee 
T Z|! R (Poses ) + w| (1) 
Let W/C = T,. 
(Continued on page 170) 
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USC BRUSHES contribute 
to the reliability of 
heavy duty industrial tools 


*@e@ee0e?f 


For more than 65 years, Thor Power Tool Company has been designing and engineering 
tools for use in industries throughout the world. Today, Thor engineers are developing 
and perfecting tools to speed up industrial production; designing and building tools that 
are meeting every demand of modern industry. Because brushes are vital to the power, 
endurance and efficiency of Thor industrial tools, Thor specifies USG Motor Brushes. 


In hundreds of installations, in thousands of electrically powered units, United States 
Graphite Company (USG) brushes are giving excellent, maintenance-free service. 


Always specify USG brushes of carbon, carbon-graphite, electro-graphitic_ graphite, 
metal graphite or silver-graphite for your 

rotating electrical equipment. A well-trained ee eee ~ we : 

staff of engineers is available to assist you in stand th Ganien O86 estate ° 

the selection of the grade and type of USG _js@ grade list. Write for these 

brush best suited to your application. twe catalogs today. 


8-267-1 


THE UNITED STATES GRAPHITE. COMPANY 


DIVISION OF THE WICKES CORPORATION, SAGINAW 8, MICHIGAN 
GRAPHITAR® carson-crarnite © GRAMIX® powpeR MerALturcy © MEXICAN® craPnite prooucts © USG® prusues 
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Shift Registers are 
Wafer-Thin 


EACH SHIFT REGISTER element has a hole 
threugh both the toroidal magnetic core 
and the encapsulant so that a single shift- 
register lead may be run _ lengthwise 
through a module composed of multiple 
elements. This single lead is sufficient to 
accomplish shifting. Serial-driven, gated- 
transfer, single binary-bit element oper- 
ates at 100 ke with a peak shift-pulse 
power of 0.1 watt. Presently available 
elements may be assembled in modules 
with up to ten elements per inch. Source: 
General Electric Heavy Military Electron- 
ics Dept., Court St., Syracuse, N. Y. 


(Continued from page 168) 
2 
Then T =-7-(“3557) 47. @ 


In these equations: 


TJ =temperature rise above ambient, 
deg C 

R = resistance at 25 C. ohms 

W = constant loss in watts 

=a constant with units of watts/ 

deg C 

T.==temperature rise due to con- 

stant losses, deg C 
I =current in amperes 


Equation (2) is solved for current: 


aa 
T —- T. « 
/ 259.5+T7 (3) 


(4) 


(5) 


so that A (6) 
If we take logs of both sides, 

log I = log K + log A (7) 

Note that K is a constant; hence, 
log I, — log Iz = log A; — log Az (8) 
On the chart the values of 7 are 
marked off at the corresponding values 
of log A, and the current scale is 
marked off to the same scale in values 


of log I, so that the two scales can be 
used together like a slide rule. OOO 
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deg C 


ant losses, 


rise due to const 


Temperature 


/ 


Si! 
SII 


Sl 


Temperature rise, 


Current scale 
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@ SUGGESTED APPLICATIONS 
@ REPLACEMENT OF: 
THYRATRONS 
IGNITRONS 
MAGNETIC AMPLIFIERS 
POWER TRANSISTORS 
@ STATIC SWITCHING 
@ DC MOTOR CONTROL 
@ VARIABLE DC SUPPLIES 
@ DC TO DC CONVERTERS 
@ FREQUENCY CHANGERS 
@ INVERTERS 
RELAYS 
SWITCHES 
CONTACTORS 
CIRCUIT BREAKERS 
@ DYNAMIC BRAKING 
@ CONSTANT CURRENT SUPPLIES 
@ PULSE WIDTH MODULATION 
@ IGNITRON FIRING 
@ WELDING CONTROL 
@ TEMPERATURE CONTROL 
@ POWER PULSE GENERATOR 


@ AND MANY OTHERS 


GENERAL ELECTRIC USN 2NG8I-688 
ILIGON CONTROLLED RECTIFIERS 
NOW MEET MIL-S-19500/108 


The first SCR to meet MIL-S-19500/108 is now available in production quantities from 
General Electric. This is natural. G.E. originally developed the SCR, now offers a wide 
range of current ratings including the new C8, 1.3 amp and C55, 70 amp types. General 
Electric provides much of the know-how and ideas on how to apply the SCR... 
brought in reduced prices based on large volume production...and has reams of 
reliability and test data, the kind you should know about. 

The G-E SCR is changing a lot of old ideas about power control and switching, in 
terms of circuit design and cost. Can you afford to wait any longer? Call your G-E 
Semiconductor District Sales Manager today. He'll give you all the help you need. 

Rectifier Components Department, Section 20C8, General Electric Company, 
Auburn, New York. In Canada: Canadian General Electric, 189 Dufferin Street, Toronto, 
Ont. Export: International General Electric, 150 E. 42nd St., N. Y. 17, N. Y. 

For fast delivery at factory-low prices see your local G-E Distributor. 


GENERAL @@ ELECTRIC 
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SPEEDS OF LESS 
THAN 50 R.P.M. 
CAN NOW BE 
ACCURATELY 

Pere tis 

iS 
DIFFERENTIAL 
DEVICE 
DEVELOPED BY 


TORQ 


(Patents 
& 
potent: 
pend- 
Ing) 


. . . detects 1 to 4 different 
speeds (high and low limits, or 
single limit on each circuit). De- 
signed for low speed applications 
of less than 100 rpm. Inquire 
about SYNPROTEX DIFFER- 
ENTIAL unit for low speeds... 
or standard SYNPROTEX speed 
detectors for speeds from 100 
to more than 15,000 rpm. 


TORQ 


ENGINEERED PRODUCTS, INC. 
34 W. Monroe Street © Bedford, Ohio 
Phone: BE 2-4100 
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Journal on Space 
Environment Announced 


The Prevention of Deterioration Center, 
National Academy of Sciences-National 
Research Council, has announced pub- 
lication of a new monthly abstracts 
journal, Environmental Effects on Ma- 
terials and Equipment, commencing 
January 1961. 

The publication, intended to aid de- 
sign engineers and materials scientists, 
will emphasize the field known as the 
“space-associated” environment and in- 
cludes effects of such factors as shock, 
vibration, excessive heat, vacuum, grav- 
ity, magnetism and_ electromagnetic 
radiation. 

Subscriptions are available at $25.00 
per year from the Prevention of De- 
terioration Center, National Academy 
of Sciences-National Research Council, 
2101 Constitution Ave., N. W., Wash- 
ington 25, D. C. 


AIEE Edison Medal Awarded 


Dr. Harold S. Osborne, retired chief 
engineer of the American Telephone 
and Telegraph Co., has won the Edison 
Medal of the American Institute of 
Electrical Engineers. The award was 
presented at the Institute’s Winter Gen- 
eral Meeting in New York, January 
29-February 3, 1961. 

Dr. Osborne, who is a consultant 
with the International Electrotechnical 
Committee, was cited “. . . for his 
contributions to the art of telecom- 
munication and his leadership and vi- 
sion in extending its application; for 
his achievements in the coordination 
of international communication and in 
national and international standardiza- 
tion; and for his advancement of the 
engineering profession.” 


Plastics Conference Head 
Named 


Dr. Gordon M. Kline, chief of the Di- 
vision of Organic and Fibrous Ma- 
terials of the National Bureau of 
Standards, was chosen General Chair- 
man of the 17th Annual Technical 
Conference (ANTEC) of the Society 
of Plastics Engineers, held in Wash- 
ington, D. C., January 24-27, at the 
Shoreham Hotel. Approximately 100 
technical papers were presented at the 
conference, attended by over 3000 sci- 
entists and engineers from industry and 
government. 

New information on the use of plas- 
tics for such varied purposes as elec- 


trical appliances, rockets and the space 
environment was discussed at the ses- 
sions. Some papers reported tests on 
plastics used as thermal insulation, 
foam plastics used as cushioning ma- 
terials, and plastics that must endure 
nuclear and space radiation. Others de- 
scribed technical advances in polymer 
research, plastics manufacture and 
processing. 


Call for WESCON Papers 


A call-for-papers for the 1961 Western 
Electronic Show and Convention, to be 
held next August 22-25 at San Fran- 
cisco’s Cow Palace, is being issued. 
The deadline is May 1 for submission 
of 100-200 word abstracts and 500- 
1000 word detailed summaries of pa- 
pers to be considered for inclusion. 
Submissions should be sent to the at- 
tention of E. W. Herold, Technical 
Program Chairman, in care of WES- 
CON’s Northern California Office, 701 
Welch Rd., Palo Alto, Calif. 


Electrical Insulation Conference 
Plans 1962 Meeting 


The Fourth National Conference on the 
Application of Electrical Insulation 
will meet at the Shoreham Hotel in 
Washington, D. C., during the week of 
February 8, 1962, it was announced 
by the General Conference Committee. 
Subsequent meetings of the conference, 
starting in 1963, will be held in Sep- 
tember or October. Possible sites for 
1963, 1964 and 1965 meetings are Bos- 
ton, Detroit and Miami, respectively. 


Welding Society Revises 
Definitions 


The American Welding Society has an- 
nounced availability of a new revision 
of AWS Standard Welding Terms and 
Definitions. It is the first revision in 
12 years; many changes have been in- 
corporated and much new material 
added. A Master Chart of Welding 
Processes has been prepared in con- 
junction with the AWS Definitions. 
The 39 recognized welding processes 
are presented. Colors are used to sep- 
arate the processes. 

Copies of the AWS definitions (in- 
cluding desk chart) may be obtained 
for $2.00 per booklet. Copies of the 
wall or desk chart may be obtained 
separately for $1.50 and $0.50, respec- 
tively, from the American Welding 
Society, Dept. T, 33 W. 39 St., New 
York 18. 
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TO THE ENGINEER 
who wants his “circuit jewelry’ intact 


AE takes great pains in preparing its Class 
E relays for a well-adjusted life in the world 
of automatic control. To make sure that they 
reach you in the same happy state, we’re now 
shipping them in a special protective package 
molded to shape from featherweight poly- 
styrene foam. 


The two sections of the case have identical 
multiform cavities. When put together, they 
form a snug fit for any Class E relay assem- 
bly. The possibility of relay damage in pack- 
ing, in transit or in removal is virtually 
eliminated. To facilitate production, the con- 
tainers can be fed directly to your assembly 


line; relays remain protected and accessible. 


As for Class E relays, you can have them with 
the usual solder terminals, ‘“‘Taper-Tabs,” 
end-mounted printed circuit terminals, wire- 
wrap, prewired octal plugs, screw terminals 
or other special forms to fit your needs. 

Our circuit engineers will be happy to work 
with you in applying Class E relays to your 
designs. They’ll also be glad to tackle any 
control problems you may have. 

Want details? Just write the Director, Con- 
trol Equipment Sales, Automatic Electric, 
Northlake, Illinois. And be sure to ask for 
Circular 1702-E, “Relays for Industry.” 


AUTOMATIC ELECTRIC 


Subsidiary of 


GENERAL TELEPHONE & ELECTRONICS 
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DURANT 


¢ 
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DIGITAL 
READ-OUT 
COUNTERS 


Model “Y” SERIES 


~ 


¢ 
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Model “D” SERIES 


for MISSILE TRACKING, 

RADAR CONTROLS, COMPUTERS, 
NAVIGATION INSTRUMENTS, 
GAUGING INSTRUMENTS, and 
ANY other indicator applications. 


® Meets military specifications. 


® High speeds, lower torque, lower 
moment of inertia for long life. 


® Nylon wheels with legible figures, 
nylatron pinions. 


® Single, 11/4, or double width wheels. 
® One-piece aluminum die cast frame. 


® Base mounting. Threaded mounting 
holes may be in frame top or ends. 


® Right or left hand drive, clockwise 
or anti-clockwise rotation. 


@ “Y” Series, single or dual bank types. 


© Component parts can be purchased 
separately to meet design requirements. 


Your answer to an infinite number 
of variable demands 


for PRECISION CONTROLS. 


Send for Catalog No. 400 


Dw IR\ AlN! 


1962 N. Buffum Street 
Milwaukee 1, Wisconsin 


62 Thurbers Avenue 
Providence 5, R. 1. 


REPRESENTATIVES IN ALL PRINCIPAL CITIES 
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March 9-10 — Second Symposium 
on Engineering Aspects of Magneto- 
hydrodynamics (sponsored by AIEE, 
IAS and IRE), University of Penn- 
sylvania, Philadelphia. 


March 12-15—Aviation Conference 
(sponsored by Aviation and Heat 
Transfer Div. of ASME), Statler 
Hilton Hotel, Los Angeles. 


March 20-23 — IRE International 
Convention, N. Y. Coliseum and 
Waldorf Astoria Hotel, New York 
City. 


March 20-24—Western Metal Ex- 
position and Congress, Pan Pacific 
Auditorium and Ambassador Hotel, 
Los Angeles. 


March 27-28—Conference on Math- 
ematics and Statistics for Reliabil- 
ity Problems (Sponsored by ASQC 
and American Statistical Associa- 
tion), New York University, New 
York City. 


March 27-31 — Third Symposium 
on Temperature: Measurement and 
Control (sponsored by American In- 
stitute of Physics, ISA, National 
Bureau of Standards), Veteran’s 
Memorial Hall and Deshler-Hilton 
Hotel, Columbus, Ohio. 


April 4-6—Symposium on Electro- 
magnetics and Fluid Dynamics of 
Gaseous Plasma (sponsored by Poly- 
technic Institute of Brooklyn, IRE, 
Institute of Aeronautical Sciences, 
and Defense Dept. research 
agencies), Engineering Societies 
Building, New York City. 


April 5-7—Symposium on Materials 
and Electron Device Processing 
(sponsored by ASTM), Benjamin 
Franklin Hotel, Philadelphia. 


April 5-7 — Institute of Environ- 
mental Sciences, Annual Meeting, 
Sheraton Park Hotel, Washington, 
D. C. 


April 12-13—Electronic Data Pro- 
cessing Technical Conference (spon- 
sored by American Rocket Society 
and IRE), Hotel Alms, Cincinnati. 


April 12-13—Third Symposium on 
Information and Decision Processes 
(sponsored by IRE Professional 
Group on Information Theory and 
Purdue University), Purdue Uni- 
versity, Lafayette, Ind. 


April 17-19—National Symposium 
on Instrumental Methods of Analysis 
(sponsored by ISA), Shamrock- 
Hilton Hotel, Houston, Texas. 


April 18-19 — Inter-industry Con- 
ference on Organic Semiconductors 
(co-sponsored by Armour Research 
Foundation and Electronics, a Mc- 
Graw-Hill publication), Morrison 
Hotel, Chicago. 


April 19-21—SW IRE Regional 
Conference & Electronics Show, 
Dallas, Texas. 


April 23-26—ASME Metals Engi- 
neering Conference, Penn Sheraton 


Hotel, Pittsburgh. 


April 25-27—National Conference 
on Electromagnetic Relays (spon- 
sored by National Assoc. of Relay 
Manufacturers), Student Union 
Bldg., Oklahoma State University, 
Stillwater. 


April 26-28—Seventh IRE Regional 
Technical Conference and ‘Trade 
Show, Westward Ho Hotel, Phoenix. 


April 30-May 4—Seventh National 
Aero-Space Instrumentation Sym- 
posium (sponsored by ISA), Adol- 
phus Hotel, Dallas, Texas. 


May 2-4 — Electronic Component 
Conference (sponsored by AIEE, 
EIA, IRE and WEMA), Jack Tar 
Hotel, San Francisco. 


May 4-5—Second National Sym- 
posium on Human Factors in Elec- 
tronics (sponsored by Professional 
Group on Human Factors in Elec- 
tronics of IRE), Marriott-Twin 
Bridges Motor Hotel, Arlington, Va. 


May 7-8 — Fifth Midwest Sym- 
posium on Circuit Theory (spon- 
sored by IRE), Allerton Park and 
Urbana campus, University of IIli- 
nois. 


May 7-11 —Hydraulic Conference 
(sponsored by ASME-EIC), Queen 
Elizabeth Hotel, Montreal, Canada. 


May 8-9—ASME Lubrication Sym- 
posium, Deauville Hotel, Miami 
Beach, Fla. 


May 8-10—Fourth National ISA 
Power Instrumentation Symposium, 


LaSalle Hotel, Chicago. 
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REED : : Angular 
Instrument : : Contact Bearing ; 
Bearing 


Spherical Roller 
hrust Bearing r 
Tapered 
Roller Bearing 


Single Row 
Deep Groove 
Ball Bearing 


Spherical 
Roller Bearing 


Cylindrical Roller Bearing 


What's a “special size” in production bearings? 


S0Sf makes so many standard sizes, there’s 
practically no such thing as a “special size” 
of bearing. They range from tiny instrument 
bearings right up to four-row tapered roller 
bearings—and account for almost every pos- 
sible bore size in-between. 


Take 8S '’s standard cylindrical roller 


bearing, for example. It’s promptly available 
in 154 sizes of single- and double-row types 


Spherical, Cylindrical, Ball," Ween Tapered and REED Miniature Bearings 


—for shaft diameters ranging from 1” to 9.5”. 
Every size, in both types, offers high radial 
capacity in relation to its size and operates at 
highest speeds because of its very low friction. 

So, before you specify a “special size” bear- 
ing, call the nearest SfSF sales office first. 
The odds are better than 1,000 to 1 that 
there’s already a standard S$ bearing of 
exactly the size you need. 


very TYPE-EVERY USE 


OEP INOUSTRIES INC PHILADELPHIA 52. PA 
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Snap Bushings 


NEW From HEYCO. 


. 


Snaps easily and locks 
into panels of varying 
thickness up to %” 


withstands 35 Ib. pushback test! 


Here’s a Bushing to 
meet your requirements 


@ Finger pressure assembly 
@ Provides complete insulation-it’s Nylon 

@ Approved for temperatures of 302°F. 
@ Not affected by oil or grease 

@ Sizes for 1/4” to 2” mounting holes 
® Various inside diameters 


USES: 
Insulation and mechanical protection 
for Electrical Wire & Cable, Tubing 
& Hose, Rope & Cable, Bearing Sur 
face for Moving Paris. 


Samples are FREE - 
HEYMAN MANUFACTURING CO. 


KENILWORTH 1, NEW JERSEY 
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Engineering 
Standards 


IEC Standards 


71, Recommendations for Insulation 
Coordination, $3.20, published by the 
International Electrotechnical Com- 
mission, sets forth the conditions to be 
fulfilled by the insulation of electrical 
equipment used in exposed installa- 
tions on a-c systems having a nominal 
voltage greater than 1 kv. 

119, Recommendations for Polycrys- 
talline Semiconductor Rectifier Stacks 
and Equipments, $8.00, applies to 
selenium and copper-oxide stacks, recti- 
fiers and rectifier equipment used for 
supplying d-c power from a-c sources. 

51, Recommendations for Indicating 
Electrical Measuring Instruments and 
their Accessories, $6.00, applies to am- 
meters, voltmeters, single-phase and 
poly-phase wattmeters, varmeters and 
phasemeters, frequency meters of the 
pointer and vibrating reed types, and 
ohmmeters. 

These standards are available from 
the American Standards Association, 
10 E. 40 St., New York 16. 


NBS Standards 


Screw-Thread Standards for Federal 
Services, 1957, Part Ill, National 
Bureau of Standards Handbook H28 
(1957), amends in part H28 (1944) 
and in part its 1950 Supplement; 60¢. 
This volume is the third of a series 
of three into which the 1957 edition 
of NBS Handbook H28 is divided. It 
covers Acme, Stub Acme and Buttress 
threads; rolled threads for screw shells 
of electric lamp holders and unas- 
sembled lamp bases, ISO metric 
threads; Class 5 interference-fit threads; 
and miscellaneous threads. 

Part I, published September 1957, 
$1.25, includes standards for screw 
threads commonly applied to bolts, 
screws, nuts and similar fasteners. Part 
II, published November 1959, 75¢, in- 
cludes standards for pipe threads. 

Copies of these publications may be 
ordered from the Superintendent of 
Documents, U. S. Government Print- 


ing Office, Washington 25, D. C. 


Postcard return cards are provided at 
end of book as a convenience to the 
reader in obtaining further information 
on-— 

* New Components and Materials 

* Literature for the Design Engineer 

« Feature Article Reprints 

* Advertised Products 
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We Can Make Precision Ceramic -to - Metal 
Assemblies for Your Stock or Special Requirements 


Golden, contact the Coors regional 


sales manager nearest you, or write 
for new bulletin. 


On your right is a specialized 
ceramic-to-metal assembly that we 
make in small quantity. This 
vacuum tight assembly includes sev- 
eral thicknesses of metal, two sizes 
of ceramic envelopes, brazed to- 
gether with close dimensional toler- 
ances. 

On your left are some of our 
stock terminal insulators. They are 
made in large runs for economical, 
off-the-shelf delivery. We also have 
customers who require large runs 
of ceramic-to-metal assemblies to 
meet their own production demands. 


Coors furnishes either metalized 
ceramic parts ready for brazing by 
the customer, or complete ceramic- 
to-metal assemblies in sizes up to 
10” OD by 12” length. High tem- 
perature subsequent brazes can be 
made up to 1500° F. Braze bond 
strengths are from 9,000 to 12,000 
PSI. Coors offers a _ variety of 
alumina or beryllia ceramic ma- 
terials for use in your metalized 
assemblies. 

If you need ceramic-to-metal 
assemblies, in quantity or proto- 
type, get in touch with us here in 


REGIONAL SALES MANAGERS 
West Coast cess William §. Smith, Jr. 
EM 6-8129 — Redwood City, Calif. 
ssereeeeeeeeeeed ON E. Marozeck 
FR 2-7100 — Chicago, Ill. 
sessssseeseeceeeeeee DONALG Dobbins 
GL 4-9638 — Canton, Ohio 
seseeeeeeeeereed Ohn J. McManus 
MA 7-3996 — Manhasset, N. Y. 
sssssessseereeeee Warren G. McDonald 
FR 4-0663 — Schenectady, N. Y. 
..Kenneth R. Lundy 
DA 7-5716 — Dallas, Texas 
see William H. Ramsey 
UN 4-6369 — Houston, Texas 


Midwest. 
Central 

East Coast..... 
New England. 
Southwest 


Southwest 





Editorial REPRINTS Available 


As manuscripts are projected for 
publication in each issue of ELEc- 
TRO-TECHNOLOGY, the board of edi- 
tors determines which editorial arti- 
cles are to be made available to 
readers in reprint form. 

Available reprints of articles in 
this and previous issues are briefed 
here. Any regular ExLectro-TEcu- 
NOLOGY reader qualifies for one copy 
of all single-article reprints, without 
charge. 


The numbers at the head of re- 
print listings correspond to the 
numbers on the postcards incorpo- 
rated in the Reader Inquiry Service 
Section at the end of the book. 


(1) 923—Stability of Epoxy-Encapsulated 
Magnet-Wire Systems—An Analysis of Com- 
patibility Factors, March 1961, 9 pages. 
Rapid increase in the use of encapsulated 
windings and coils in motors and other ap- 
plications creates a need for studies of the 
compatibility between resin encapsulant and 
magnet-wire insulation. This article reviews 
basic parameters in encapsulated magnet- 
wire system design, describes test methods 
used on compatibility studies, and presents 
summaries and interpretations of test data 
obtained from several major test programs 
now under way. 


1) 917—Quiet Wiring, March 1961, 4 pages. 
Explanation of what causes noise due to 
electromagnetic ambient conditions. In most 
cases, noise can be reduced by proper wiring 
procedures. Examples are given. 


() 915—Advances in Magnetism and Mag- 
netic Materials, February 1961, 9 pages. 
A report on current advances in magnetic 
materials and their impact on design 
engineering, from the Sixth Annual Con- 
ference on Magnetism and Magnetic 
Materials co-sponsored by AIEE and AIP. 
Selected papers relating to the design en- 
gineering function are reviewed and in- 
terpreted: theoretical aspects, thin metallic 
films, oxides, high coercive force materials, 
metals and alloys, soft magnetic materials. 
Text supported by charts and graphs. 


0 945—Network Synthesis—Some Notes on 
the Synthesis of RLC Transfer Functions 
and Constant-Resistance All-Pass Lattice 
Networks, February 1961, 2 pages. The 
basic principles of network synthesis, as 
presented in the January 1961 issue Science 
& Engineering article, are applied to the 
synthesis of RLC transfer functions and 
constant-resistance all-pass lattice networks. 


0 946—Reliability through Redundancy and 
Error-Correcting Codes, February 1961, 8 
pages. The problem of reliability assumes 
serious proportions whenever numerous 
hardware components and transmission of 
large amounts of data of an informational 
and control nature are involved. Beyond the 
very definite limits of improving of com- 
ponents, the problem must be attacked by 
use of redundant components and circuits. 
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Readers should circle those numbers 
which correspond to the reprints 
desired. 

If multiple quantities of these re- 
prints are desired, the rates to 
govern are indicated below. Remit- 
tance must accompany all orders. 
Larger quantities, special quotation. 


Cost of Single-Subject Reprints 


No. of Number of pages 
Reprints 4-12 16-32 


1 Gratis Gratis 
5 $2.00 $3.75 
10 3.75 6.00 
25 7.50 12.50 


Principles of redundancy in equipment and 
coding in data transmission are discussed 
and examples given. 


(0 913—Editorial Index to Electro-Tech- 
nology (formerly Electrical Manufacturing) 
for 1960, 24 pages. This yearly subject- 
classified index is completely annotated, in- 
cludes author index, plus separate indices 
for Editorial page, Design Trends, and Re- 
search Notes departments. Also reproduces 
the ELECTRO-TECHNOLOGY Subject Classifica- 
tion and Alphabetical Subject Cross Index 
which form the basis of the index system. 


0 906—Bessel and Gamma _ Functions, 
January 1961, 12 pages. Basic principles of 
Bessel and gamma functions and applica- 
tions. Bessel’s equation and the Bessel func- 
tion, recurrence relationships, the general- 
ized form of Bessel’s equation, the gamma 
function, solution to Bessel’s equation and 
the Bessel functions of the first and second 
kind, modified Bessel functions and the 
method for deducing recurrence relation- 
ships, or basic identities. 


(] 904—The Technique of Transformer 
Design, January 1961, 8 pages. For power 
transformers, including those for rectifier 
circuits, the details of design from lamina- 
tion selection through thermal aspects are 
presented. Design examples demonstrate the 
methods; dimensional and magnetic data for 
stock laminations are included. 


O 914—Machine Tool _ Electrical 
Standards (NMTBA), June 1960, 18 
pages plus cover. First revision since 
March 1956 of the Electrical Stand- 
ards sponsored by the National Ma- 
chine Tool Builders’ Association. 
Present version proposed September 
1, 1959 and adopted with interim re- 
visions January 25, 1960. (See also 
JIC Electrical Standards for Indus- 
trial Equipment, Reprint 924.) Single 
reprints, no charge. Multiple quanti- 
ties may be obtained at the following 
prices: 5-$3.75; 10-$6.00; 25-$12.50; 
50-$20.00; 100-$30.00. Send check 
with order payable to ELEcTRO-TECH- 
NOLOGY, 205 E. 42 St., New York 17. 


0) 952—Bibliography — Computing Ma- 
chines in Control Systems, December 1960, 
1 page. A selected listing of articles and 
books in the literature providing a back- 
ground for ELECTRO-TECHNOLOGY’S new se- 
ries on Computing Machines in Control Sys- 
tems—THE Forum. 


(1) 932—Iron-Core Devices: Evaluation of 
Variable Parameters, December 1960, 5 
pages. Circuit “constants” which are actu- 
ally functions of frequency, current, and 
other circuit conditions, must be evaluated 
by measurement, as departure from con- 
stancy may be to a major degree. Methods 
outlined for measurement of iron-core device 
inductance and resistance and for orderly 
extrapolation of test results for analytical 
use. 


O 910—Survey of Power Transistors, De- 
cember 1960, 6 pages. Listing of all tran- 
sistors (made by 18 companies) rated for 
max collector current of 1 amp and over. 
Characteristics given include forward current 
transfer ratio and collector breakdown cur- 
rent. Possible applications for each type 
included. 


0 909—Variability in Functional Aging of 
Mylar Polyester Film for Hermetic Motor 
Application, November 1960, 5 pages. Tests 
show that commercial grades of Mylar poly- 
ester film age satisfactorily as slot insulation 
in hermetic motor systems. Classical tests 
such as density, viscosity, extractables and 
shrinkage are described, as well as a set of 
functional aging test procedures under simu- 
lated «conditions. 


(1) 912—Analog Computation and Analog 
Machines, November 1960, 10 pages. Analog 
machines measure analogous relationships. 
Continuous computation, principles of oper- 
ation, and various functional components 
are described. A survey of typical machines 
on the market is presented, plus applications 
for the design engineer, the role of the 
analog machine in control systems, and 
hybrid systems. 


C) 936—Static Magnetic Frequency Multi- 
pliers, November 1960, 9 pages. The modes 
of operation and typical circuits of fre- 
quency multipliers using saturating magnetic 
cores. New lamination materials and recti- 
fiers have made possible new orders of 
efficiency for this well-known principle. 


0) 940—Application of Electrical Insulation 
by the Fluidized-Bed Process, October 1960, 
5 pages. Advantages and limitations of the 
new fluidized-bed process for applying elec- 
trical insulation to components and equip- 
ments. The process is explored with respect 
to design engineering and economics. Prac- 
tical applications in new designs are devel- 
oped. 


(© 918—Modular Flow Graphs for Network 
Analysis, October 1960, 9 pages. Statement 
of rules for the manipulation of simple flow- 
graph forms, and a definition and descrip- 
tion of basic modules for simple two-port 
networks. The modular concept is expanded 
to include flow graphs representing three- 
terminal devices. These are used as modules 
to construct more complex flow graphs. 


1 930—Analytical Methods for Permanent- 
Magnet Design, Parts 1 and 2, September 
and October 1960, 19 pages. Physics of 
permanent-magnet behavior and _ design 
methods for open-circuit, permanent-magnet 
structures, followed by the more complex 
considerations involved in small air-gap 
magnet designs. The use of electrical network 
analogy methods is explored; examples sup- 
port all the design method discussions. 
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0 947—The Postulates of Boolean 
Algebra in the Languages of English 
Words, Mathematics, Logic, Engi- 
neering, Geometrical Diagrams, Cir- 
cuit Diagrams, and Truth Tables, 
April 1960. This 11 x 17 in. wall 
chart (from the April 1960 Science & 
Engineering insert) contains a com- 
pilation of the fundamental laws of 
Boolean algebra: the Laws of Com- 
bination, the Laws of the Unique 
Elements, and the Laws of Negation. 
Tabulation provides an at-a-glance 
“translation” from one symbolism to 
another, also the conversion from 
sums to products (and vice versa). 


O 903—Practical Graphs and Nomographs, 
September 1960, 12 pages. Description of 
the various kinds of graphs and nomographs 
(with emphasis on the latter) which can be 
used to record and display data. Specific 
instructions for constructing nomographs, 
including pivoted, unevenly spaced, and “N” 
types. 


O 951—Radiation Effects on Electrical In- 
sulation, September 1960, 7 pages. Basic 
parameters of design in relation to the 
nuclear environment are investigated and 
illustrated in respect to the selected mate- 
rials involved. Electrical properties of insu- 
lating materials and changes in these prop- 
erties due to nuclear radiation energies are 
examined. 


() 911—Flat-Conductor Flexible Cables and 
Connectors for Flat-Conductor Flexible 
Cables, August and September 1960, 12 
pages. Part I includes cabling techniques 
and performance of flat-conductor flexible 
cables. Data are given on load-carrying 
capabilities, crosstalk, r-f attenuation, and 
on shielding techniques. Part II discusses 
application techniques and describes pre- 
ferred methods for cable termination and 
connection. 


O 907—Designing Passive and Tunnel- 
Diode Networks, August and September 
1960, 14 pages. The use of modern syn- 
thesis techniques for realizing prescribed 
frequency characteristics by dissipative pas- 
sive networks and by amplifier networks 
containing tunnel diodes is described. Pre- 
distortion and reverse predistortion are ex- 
plained. Examples of uniform and non- 
uniform reverse predistortion are presented. 


© 901—Function Generators Using the Hall 
Effect, August 1960, 3 pages. The funda- 
mental voltage and geometrical relations of 
the Hall effect are presented. The possibility 
of using the Hall phenomenon for angular 
function generators is investigated, and the 
various potential characteristics of such gen- 
erators considered. 


0) 908—Tightening and Testing Torque 
Values for Small Machine Screws, August 
1960, 4 pages. Practical, usable tables giving 
safe torque values for tightening and testing 
various sizes of steel screws in several differ- 
ent metals and laminated phenolic. 


0 950—Magnetic Amplifier Output Circuits, 
August 1960, 5 pages. A straightforward 
method for comparative evaluation of com- 
plex reversible-half-wave and reversible-full- 
wave magnetic amplifier circuits as building- 
block arrangements of basic half-wave self- 
saturating circuits. Figures of merit are 
given for over 50 output combinations, 


0 902—Critical Criteria for Precision 
Gears, July 1960, 9 pages. In selecting gear 
parameters for application in control sys- 
tems and in data handling (computers), fac- 
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tors weighed include tolerances, gear quality 
classes, choice of pressure angle and of 
pitch, minimum number of teeth, and gear 
cutting factors. 


O 929—Errata Sheet for Basic Differential 
Equations, July 1960 Science & Engineering 
feature. To correct the error affecting Ex- 
amples 10 and 12 in this article (pages 100, 
101 and 102). 


O 919— Nuclear Radiation Damage to 
Transistors, July 1960, 9 pages. A report on 
the effects of nuclear radiation on n-base 
germanium, p-base germanium, n-base sili- 
con, and p-base silicon transistor types tested 
in an environment equivalent to that of a 
nuclear explosion. The mechanism of dam- 
age is explained and data analysis for radia- 
tion damage is given in graphs and charts. 


O 916—Logic—and the Principles of Pro- 
gramming, July 1960, 8 pages. Programming 
techniques are based upon the principles of 
logical reasoning, expressed by a Boolean 
algebra, and the propositional calculus. 
Automatic programming and machine lan- 
guages—designed for the engineer who has 
little knowledge of digital computers and 
who wants to write his own programs— 
are presented. Examples given. 


0 944—Control System Representa- 
tions, December 1959, 3 pages. A 
chart showing seven basic control- 
system element classifications and 
their various common representations, 
including transfer functions, equiva- 
lent analog computer circuits, Bode 
diagrams, Nyquist diagrams and time 
constants. This chart is now being 
included in the combined reprint of 
the recent series on “Automatic Con- 
trol System Design” (see p 183). 


O 931—Relay Field Data Invited for 
Standards Program, July 1960, 7 pages. A 
report on the Eighth National Relay Con- 
ference, with emphasis on the objectives and 
progress of the Relay Testing Committee. 
Five award technical papers are summarized. 


0 926—Plastics Molding Materials for Struc- 
tural and Mechanical Applications, May 
1960, 11 pages. A review of plastics molding 
materials, based on structural and mechani- 
cal properties and design parameters. Newer 
materials described. Significance of test 
methods discussed. 


0 920—Materials and Techniques for Mi- 
crominiaturization (Parts 1 and 2), May 
and June 1960, 16 pages. The past, present, 
and future state-of-the-art of microminia- 
turization. Covers the reduction in size and 
weight of all subminiature electronic com- 
ponent parts including: substrates, conduc- 
tors, resistors, capacitors, protective cover- 
ings, inductors, solid-state diodes and 
transistors. 


0 949—How to Make Basic D-C Measure- 
ments, May 1960, 14 pages. Starting with a 
description of the standard resistor and the 
standard cell, this guidebook-type article 
shows in detail how direct-reading and uni- 
versal ratio sets can be calibrated by boot- 
strap methods, also how instrument poten- 
tiometers can be calibrated using the stand- 
ard cell and a universal ratio set. 


© 935—Precision Ball Bearings for Elec- 
tromechanical Instruments, May 1960, 4 
pages. Application factors in representative 
types of critical instruments such as servos, 
resolvers, gyro gimbal bearings and gyro 
spin motors. Bearing design, materials, lu- 
bricants, loading, life expectancy and fits are 


discussed, as related to bearings approxi- 
mately 1 in. OD and smaller. 


O 941—Thermoelectric Heat Pumps, May 
1960, 6 pages. A two-in-one report on the 
cooling ability of commercial thermoelectric 
devices (3M and Westinghouse). Basic ele- 
ments of custom-designed semiconductor- 
type heat pumps and packaged component 
coolers are described. Problem examples. 


© 933—Copper and Copper Alloys—Their 
Properties and Design Applications, April 
1960, 9 pages. Applications of materials to 
design parameters are illustrated and devel- 
oped as related to the design needs of 
electronic equipment and systems. 


O 934 — Distributed - Parameter Networks 
for Microminiaturization, April 1960, 6 
pages. An exploration of possible network 
characteristics obtainable by the method of 
sandwiched layers of conducting, dielectric 
and resistive films. By employing the distrib- 
uted network concept, circuit performance 
unobtainable with lumped-parameter ar- 
rangements can be achieved. 


© 928—Magnetism Research Pushes New 
Engineering Dev (Parts I and I), 
February and April 1960, 20 pages. Design 
significance of research progress reported at 
the Fifth AIEE Conference on Magnetism 
and Magnetic Materials on: basic phenome- 
na, soft magnetic materials, permanent 
magnets, microwave components, computer 
elements and instrumentation devices. 


O 925—Electromagnet Coil Design Charts, 
March 1960, 3 pages. Using AWG wire size 
as the basic parameter, time-saving coil de- 
sign charts minimize the error hazard in 
repetitive routine computations. Data pre- 
sented in graphic form apply to layer- 
wound coils and, within certain limits, to 
random windings. Derivations and examples 
of use included. 


0 921— Powder Metallurgy Parts — Their 
Advantages in Design, March 1960, 9 pages. 
Advantages of powder-metallurgy techniques 
in design of electrical and electronic com- 
ponents. Properties and other design par- 
ameters are explored and illustrated. 


© 905—The Esaki “Tunnel” Diode, Feb- 
ruary 1960, 12 pages. Theory of operation 
of this negative-resistance semiconductor is 
explained in terms of the wave-like proper- 
ties of electrons. The diode’s small-signal 
behavior, its application as a low-noise am- 
plifier, and its noise figure of merit are ex- 
amined. 


OO 937—Effects of Temperature on A-C 
Magnetic Properties of Nickel-Iron Alloys, 
December 1959, 6 pages. In the second half 
of a two-part study, results are reported in 
the form of curves for 60, 400, and 1000 
cps describing variation of core loss per 
unit of weight and rms exciting volt-amperes 
per unit of weight as temperature varies. Six 
alloys are reported for the temperature 
range —60 to +250 C. 


0 924—JIC Electrical Standards for 
Industrial Equipment, June 1957, 24 
pages. Revised specifications for ap- 
plication of electrical apparatus to 
machine tool and other industrial 
equipment, as adopted by the Joint 
Industry Conference held in Detroit, 
March 1957. Single reprints, no 
charge. Multiple quantities may be 
obtained at the following prices: 5— 
3.75; 10—$6.00; 25—$12.50; 50— 
$20.00; 100—$30.00. Send check with 
order payable to ELECTRO-TECHNOL- 
ocy, 205 East 42 St., New York 17. 





Science & Engineering Reprints 


Reprints of special Science and Engi- 
neering articles or of compendiums into 
which are combined several separate 
articles on the same or related subjects 
are available at the nominal prices indi- 
cated in each listing. For ordering con- 
venience, use the handy Order Form 
on facing page. Orders must be ac- 
companied by remittance (either in 
cash or check). Please add 3% City 
Sales Tax on orders for New York City 
delivery. Make checks payable to ExEc- 
TRO-TECHNOLOGY. 

Since handling expenses are a signifi- 
cant cost element in the distribution of 
the reprints, grouping of orders makes 
possible substantial savings in cost per 
copy. For single shipments to one ad- 
dress, the following prices (which in- 
clude shipping charges) per copy ap- 
ply. Prices for larger quantities are 
available on request. 


Reprint Title 5 25 


All regular $1.00 reprints $.90 $.75 
Electrical Insulation—1960 1.80 
Automatic Control Systems 2.00 
Boolean Algebra 1.80 
Casting Resins 1.75 
Semiconductor Electronics 1.80 
The Forum 1.80 


One-Year Subscription now 
Available 


] For readers des‘ring to receive a 
reprint copy of each monthly Science 
& Engineering feature as it appears, 
an annual subscription is now avail- 
able. Subscription fee for one year 
(covering 12 monthly S & E articles) 
is $6.00. Annual subscriptions will be 
processed to start with the current 
month's feature. (Special compen- 
diums which are not a part of the 
S & E series are not included in this 
offer.) $6.00 


©) Probability, Statistics and The Theory 
of Games, March 1961, 24 pages. Basic pat- 
terns, laws and mathematical models re- 
volving around the theory of probability 
fundamental to any field of application: per- 
mutations and combinations, probability of 
events occuring in a sample space, distribu- 
tions, random variables, the Law of Large 
Numbers, averaging, estimation, random 
processes, correlation theory, spectral analy- 
ses, the Gaussian process, construction of 
tests, games theory. $1.00 


© Fundamental Nature of Electrical Break- 
down, February 1961, 20 pages. The 
phenomenon of electrical breakdown is ex- 
amined in its various aspects, beginning with 
classical theories of mechanisms of break- 
down and concluding with consideration of 
the influence on breakdown of the nature 
of the dielectric (primarily electron behavior 
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and molecular structure). Practical design 
implications are drawn from theoretical dis- 
cussion; physical illustrations and analogies 
are used, in addition to mathematical deri- 
vations, Basic concepts discussed are drawn 
from phenomena of breakdown in gases— 
applicable to explanation of breakdown in 
liquids and solids. $1.00 


() Semiconductor Electronics, 44 
pages plus cover. A complete refer- 
ence work for the engineer interested 
in the theory of operation of semi- 
conductor diodes and transistors and 
in the design of circuits involving such 
devices. Beginning with a discussion of 
solid-state physics, this series of six 
articles proceeds to a detailed de- 
scription of junction diodes and trans- 
istors, their construction, and their 
working characteristics. Procedures for 
the analysis of transistor networks 
and the design of amplifier and switch- 
ing circuits are given. $2.00 


(1) Introduction to Network Synthesis, Janu- 
ary 1961, 20 pages. Basic characteristics of 
network synthesis are presented and syn- 
thesis for optimum results and exact solu- 
tions is demonstrated. Frequency-domain 
synthesis of passive lumped-constant net- 
works is stressed. Includes synthesis of 
simple driving-point functions by recogni- 
tion, realizability conditions of network func- 
tions, approximation of a given curve by 
an appropriate rational function, related 
problems. $1.00 


© Electrical Insulation Deterioration, De- 
cember 1960, 8 pages. Nature of thermally 
accelerated deterioration of electrical insula- 
tion (and other organic materials, such as 
plastics) discussed from viewpoint of prac- 
tical design engineering parameters. Among 
other aspects, relationship between deterio- 
ration process and equipment and systems 
reliability is analyzed. $1.00 


() The Forum: Computing Machines 
in Control Systems, 44 pages. A com- 
pendium of the following articles: 
“Computing Machines in Control 
Systems—Blocks to Communication 
and Basic Principles” (December 
1960); “Analysis of Numerical Con- 
trol Systems,” a functional descrip- 
tion of 36 representative numerical 
control systems displayed at the Chi- 
cago Machine Tool Exposition—1960 
(November 1960); “Machine Tool 
Control—Principles of Data Process- 
ing in Numerical Control of Machine 
Tools,” plus a panel discussion of 
the subject by experts from the vari- 
ous disciplines involved in the syn- 
thesis and use of machine-tool control 
systems (March 1961). Includes also 
a comprehensive one-page Bibliog- 
raphy. $2.00 


0D Electrical Noise, November 1960, 20 
pages. Major types and origins of electrical 
noise and the effects of noise on system 
behavior. Examples given of techniques for 
evaluating system performance in terms of 
noise sensitivity and reduction. Emphasis on 
concept of noise as a random process, as 
distinguished from systematic or periodic 
interference. $1.00 


0 Number—The Language of Engineering, 
October 1960, 16 pages. The theory of num- 
bers is concerned with the properties of 
integers and is used by the engineer for a 
wide range of problems, such as: the use 
of the sawtooth function to synthesize all 
types of discontinuous waveforms, the repre- 
sentation of an integer as a sum of squares, 
etc. $1.00 


0 The Nature and Control of Corrosion, 
September 1960, 12 pages. A basic study of 
the causes, mechanics and chemistry of cor- 
rosion. Methods for prevention are outlined. 
Design considerations and types of materials 
and treatments are interpolated for control 
of specific types of corrosion encountered in 
engineering design. $1.00 


1) Microwaves—Principles and Devices, Au- 
gust 1960, 24 pages. Basic laws and equa- 
tions of electric and magnetic fields. Propa- 
gation of microwaves in various media, in- 
cluding two-conductor, round and square 
waveguides. Principles are applied to the de- 
sign and use of the slotted line, the dummy 
load, rotary joints, and preselectors. $1.00 


Special Combination Offer 


© Electrical Insulation — 1960, De- 
cember 1960, 52 pages, special Re- 
search and Application Report. Con- 
tains three major articles: Dynamic 
Mechanical Properties of Plastics 
Dielectric Materials, Advances in 
Flexible and Semi-Rigid Electrical 
Insulating Materials, and Research 
Progress in Dielectrics—1960. Plus: 
other articles on ultrathin films, ca- 
pacitor dielectrics, European applica- 
tion practice, international standards, 
insulation application problems and 
trends. Offered in combination with 
regular December 1960 Science & 
Engineering article, Electrical Insula- 
tion Deterioration. $2.00 


O Basic Differential Equations, July 1960, 
20 pages. First-order differential equations 
(method of separation of variables, the inte- 
grating factor, homogeneity), higher-order 
differential equations (the differential oper- 
ator, non-homogeneous equation, Picard’s 
method, solution of equations with variable 
coefficients by power series). Application to 
basic mass-spring-damper system through- 
out, with examples. $1.00 


© Electrical Analogs for Mechanical Sys- 
tems, June 1960, 20 pages. System para- 
meters of dynamic states of mechanical 
systems* are translated into electrical net- 
work equivalents. Reasoning behind the 
analog approach and the various analog 
forms. Included are discussions of the prin- 
ciple of duality of analog, reasons for choos- 
ing a circuit or its dual for a particular 
analysis, and the use of distributed-para- 
meter networks (long lines) to simulate 
certain mechanical elements. $1.00 


© Introduction to Molecular Engineering, 
May 1960, 20 pages. An examination of the 
concept, principles and techniques of mo- 
lecular engineering in terms of its ultimate 
use in the design of equipment and systems. 
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Part I defines molecular engineering as the 
application of molecular behavior to the de- 
sign of materials and devices of prescribed 
characteristics. Part II examines the ele- 
ments of the classical macroscopic approach 
to the behavior of materials as well as the 
microscopic or molecular approach. Part III 
provides extended examples of molecular 
engineering in the areas of electrical insula- 
tion, microwave amplifiers, thin-film devices 
and microminiature electronics function 
blocks. $1.00 


) Digital Computing Machines, Oc- 
tober 1960, 24 pages. The funda- 
mental functional components of 
digital computing machines. Glossary 
of terminology. Tabulation of special 
world-wide survey of digital comput- 
ing machines presents essential char- 
acteristics of digital computing ma- 
chines in production and in advanced 
stages of development. Principles of 
operation and applications for design 
engineers. $1.00 


0 Logic—and Switching Circuits, April 
1960, 36 pages. The fundamental principles 
of logical reasoning, contained in Aristotle’s 
syllogism, develeped into the Boolean alge- 
bra and the logistics of the Principia Mathe- 
matica, and applied in circuit design and 
computer programming, are developed. The 
basic postulates are tabulated in their verbal, 
algebraic, diagrammatic, and circuit-schem- 
atic form. The article deals with methods 


applied to solve the problems of circuit 
synthesis and the fundamental ideas which 
can be applied to the design of the most 
complex circuitry. $1.00 


O Infrared—Fundamentals and Techniques, 
March 1960, 28 pages plus cover. Basic 
principles of radiation and detection (includ- 
ing Wien’s Law, Rayleigh-Jeans Law) are 
explained. Effect of infrared on metals, ionic 
crystals, and semiconductors. Various types 
of sources, windows, prisms, detectors, and 
spectrographs are discussed qualitatively. 
Also includes theory of use of infrared in 
practical applications. $1.00 


O Thermoelectric Effects, February 1960, 
16 pages plus cover. Basic theories as devel- 
oped by Seebeck, Peltier and Thompson 
(Kelvin) are brought up to date in the light 
of new semiconductor thermopile com- 
pounds. Thermoelectricity is discussed from 
free-electron and thermodynamic points of 
view. Four basic applications of thermo- 
electric phenomena are considered: power 
generation, heating, cooling, and temperature 
sensing. $1.00 


O Network Analysis, January 1960, 28 
pages plus cover. A discussion of present- 
day practices in network engineering and 
their theoretical background. Network the- 
ory as a coherent and unified study is 
stressed, as contrasted with the less power- 
ful and less useful traditional approach to 
circuits which involve isolated and unrelated 
“methods” of analysis. $1.00 


0 Transformer Materials for Extreme 
Environments, March, April, May 
and June 1960, 28 pages. A series of 
four articles interpreting research and 
development on small transformers 
designed to operate under extreme 
environments of 500 C temperature 
and nuclear radiation. Work carried 
out under Air Force and Bureau of 
Ships contracts presents data on: 
electrical insulation materials, magnet 
wire (both wire and insulation), mag- 
netic core materials, and transformer 
structural materials. $1.00 


© Determinants and Matrices, December 
1959, 20 pages plus cover. The principles 
treated apply to all problems involving 
numerous mathematical statements. In- 
cluded are specific rules for the use of 
determinants for solving systems of simul- 
taneous equations, including refinements of 
the basic procedures to apply to higher- 
order systems, and the underlying principles 
of matrix algebra. Examples demonstrate 
the time- and error-saving advantages of 
these two forms of mathematical short- 
hand. $1.00 


OO Sampled-Data Systems, November 1959, 
20 pages plus cover. An introduction to the 
analysis of closed-loop control systems in 
which the input or error signal is periodi- 
cally sampled (rather than continuously 
connected) as by a sampling switch. Pre- 
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asiest loading... 


CEC’s 5-124 Recording Oscillograph 
is ready to record in just 10 seconds 


Drop in a roll of paper... at the push of a button you are ready 
to record up to 18 channels of data... push another button to 
select any of five recording speeds ranging from 4 to 64 ips. 
CEC makes recording easier than ever before with the new 
portable 5-124 Recording Oscillograph—a “big” oscillograph 
that sells for considerably less than the cost of any compar- 
able instrument. 

Everything you need for loading, operating and viewing is 
right in front of you—including ready to read, print-out 
records that eliminate processing problems. 

The 5-124 delivers a writing speed of 50,000 ips with trace 
widths of 0.010” or less—and an optional DATAFLASH* unit 
can speed its print-out process by a factor of 60! 

For flexibility, the 5-124 has 18 individual inputs and is 
available with many optional features to meet your most 
demanding data recording needs. 


For complete information, call your nearest 
CEC sales and service office or write for Bulletin CEC 5124-X9. 


*Pat. Pend. 
Data Recorders Division ( —C 
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sents impulse-response, frequency-response, 
p-transform and z-transform methods. Shows 
how to plot Nyquist, Bode and root locus 
diagrams with z transforms. Use of the nor- 
malized sT plane for analyzing sampling 
adequacy, “pseudo-sampling” for determin- 
ing between-sample response and the use of 
the z transform for table-generating func- 
tion. $1.00 


O Low-Noise, Solid-State Microwave Am- 
plifiers, October 1959, 16 pages plus cover. 
Basic quantum mechanical principles under- 
lying the operation of paramagnetic MASER 
amplifiers (including ammonia gas, two- 
level solid state, three-level solid state and 
optically pumped devices) and parametric 
MAVAR amplifiers (both semiconductor and 
ferromagnetic types) plus a brief introduc- 
tion to the tunnel-diode amplifier. $1.00 


O Digital Methods in Measurement and 
Control, September 1959, 20 pages plus 
cover. Covers: (1) characteristics and ad- 
vantages of the digital approach; (2) basic 
principles of coding, sampling and quantiz- 
ing; (3) digital components and techniques 
for logic and information storage; (4) dig- 
ital measurement devices; (5) digital con- 
trol actuators. $1.00 


© The Fundamental Properties of Plastics, 
August 1959, 16 pages plus cover. The fun- 
damental science of polymeric materials is 
related to design engineering properties of 
plastics. Discussion covers: the molecular 
formation of polymers; the chemistry of ad- 
dition and condensation polymers; the theo- 
retical basis for mechanical, electrical and 
chemical properties of polymers. $1.00 


O The Electric Field (an Electrical Applied 
Physics Monograph), July 1959, 12 pages 
plus cover. Contents include discussions of 
ithe following: Electrostatics; Electric Fields 
jin Free Space; Electric Induction; Capaci- 
tance; Mechanical Considerations; Field Ef- 
| fects in Devices. $1.00 


| 
|") The Fundamental Nature of Shock and 
| Vibration: Theory, Character, and Mecha- 
nism of Damage, Principles of Testing, June 
| 1959, 20 pages plus cover. The major types 
| of vibration are discussed (periodic, random, 
| structural and airborne); also the major 
| types of shock (velocity, simple impulse, 
single complex and multiple). A section is 
| devoted to the effects of shock and vibration 
|} on missile electronic components. Types of 
| damage are analyzed; principles of testing 
| given; specifications summarized. $1.00 


0) Ring Binder for Science & Engi- 
neering Reprints. Readers who want 
to keep their reprint copies of the 
monthly Science and Engineering fea- 
ture both safe and handy will want 
this maroon-colored binder made of 
flexible, Morocco-grained leatherette 
stamped in gold. The standard 1%-in. 
rings will accommodate about twenty 
S & E reprints. $2.50 


O Key to Metals in Design Engineering, 
May 1959, 24 pages. Basic principles of 
metallurgy and structural characteristics of 
metals are related to design concepts. The 
| effects of environment and mechanisms of 
damage are illustrated. Iron and steel, alu- 
minum, precious and rare metals, copper, 
nickel and magnesium are presented in their 
basic design relationships to fundamental 
properties. $1.00 


O Heat Flow Theory, April 1959, 20 pages. 
Basic equations for conduction, convection 
and radiation are derived. Dimensional anal- 
ysis used to establish the parameters and the 
various “numbers” (Reynolds, Prandtl, Nus- 
selt, Graetz, etc.) involved in convection 
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expressions. Examples chosen from elec- 
trical and electronic (transistor) applica- 
tions. $1.00 


O Fundamentals of Ferromagnetism, March 
1959, 32 pages. A new approach to the 
study of magnetism, derived from modern 
solid-state physics. Includes: Origins of 
Ferromagnetism, Internal Structure of Fer- 
romagnetic Materials; Magnetization Curves; 
Time Effects in Soft Magnetic Materials; 
Effects of Atomic Ordering in Alloys; Inter- 
actions for Heterogeneous Systems. $1.00 


O Using Fourier Analysis in Design, Feb- 
ruary 1959, 16 pages. A thorough theoretical 
background on Fourier analysis is presented 
plus a discussion of the areas of application 
with specific examples to point up particular 
problems often encountered. Permits system 
devices to be designed or selected for a par- 
ticular transient performance on basis of 
steady-state sinusoidal action. $1.00 


-— COMPENDIUMS———_— 


(1) Automatic Control System Design, 64 
pages plus cover. A practical textbook on 
the design of servomechanisms. In the proc- 
ess of describing design by transfer function, 
system equation, and root-locus methods, 
techniques of analysis such as Bode dia- 
grams, Routh’s criterion, and Nyquist plots 
are also presented. Includes background 
material on complex variables and Laplace 
transforms, bibliography for further study. 
Originally published in ELectricat MANu- 
FACTURING as a series of six articles. $3.00 


OO Engineering Applications of Boo- 
lean Algebra, 68 pages. A design 
guide to the analysis and synthesis of 
switching circuits and logic systems 
— both combinational and sequentia) 
— in any medium: mechanical, elec. 
trical, hydraulic, electronic or solid 
state. Includes five previously pub- 
lished articles plus a _ never-before- 
published appendix. $2.00 


O Slide Rule Mathematics, 20 pages, plus 
4 practice slide rules printed separately. 
Logical development of the slide rule’s fun- 
damentals and complete concise instructions 
for its use. Major topics include: The Basic 
Slide Rule; Variations on Basic C-D Opera- 
tion; Trigonometry; The Log-Log Scales; 
Vector Diagrams; Hyperbolic Functions; 
Phasor Calculations; The Circular Slide 
Rule. $1.00 


O Casting Resins and Application Tech- 
niques, 52 pages. Eight previously published 
articles dealing with the embedment, encap- 
sulation, and impregnation of circuit units 
and componénts. Articles cover: property 
data on casting resins; evaluation tests on 
resin systems; results of environmental tests; 
process control problems. $2.00 
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LITERATURE for the Design Engineer 


All-new listings of manufacturer's literature just off the press .. . 


including 


catalogs, manuals and other reference publications relating to components 


and materials for designed-in use in electrically energized end products. 


SEMICONDUCTOR CIRCUIT 
APPLICATIONS 

engineering notes entitled 
“New Design Ideas” presents informa- 
tion on timer for high-level output and 
switch. The notes, which will *be pub- 
lished at two-week intervals, will pre- 
sent design problems and analyses. 
Solid State Products, Inc., 1 Pingree 
St.. Salem. Mass. 


Series of 


Circle 756 on Inquiry Card 
SEMICONDUCTOR CATALOG 


Four-page condensed catalog SS-2001 
describes 600-milliwatt. 400-milliwatt 
and 10-watt silicon Zener regulators 
and silicon power rectifiers of lower- 
and medium-power types. Saratoga 
Semiconductor Div., Espey Mfg. & Elec- 
tronics Corp., Saratoga Springs, N. Y. 
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SEMICONDUCTOR WIRE 


Brochure, four pages, presents infor- 
mation on wire for the semiconductor 
industry. Detailed discussion is given 
on properties and impurities of metals. 
Secon Metals Corp., 7 Intervale St., 
White Plains, N. Y. 

Circle 758 on Inquiry Card 


TRANSDUCER BULLETIN 
Four-page “Micro-Ducer News” con- 
tains drawings, photographs and speci- 
fications on force, magnetic-flux-density, 
low-pressure transducers; chemical-film 
resistors; pressure-sensitive paints and 
other products. Clark Electronic Labo- 
ratories, Box 165, Palm Springs, Calif. 
Circle 759 on Inquiry Card 


TACHOMETERS 


Catalog 62 contains 12 pages of data 
on firm’s line of tachometers, flexible 
shafts and drives. Drawings of various 
drive arrangements are also included. 
Jones Motrola Corp., 432 Fairfield 


Ave., Stamford, Conn. 
Circle 760 on Inquiry Card 


MACHINE-TOOL CONTROL 
TRANSFORMERS 


Four-page Catalog 141-B01 describes 
functions of control transformers and 
gives determining 
proper application. Contains individual 
regulation curves for nine standard- 


suggestions for 


rating transformers, each curve indi- 
cating maximum per cent of overload 
at 20 and 100 per cent power factor 
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and volt-amp inrush at 90 per cent sec- 
ondary voltage. Acme Electric Corp., 
111 Water St., Cuba, N. Y. 

Circle 761 on Inquiry Card 


TACHOMETER CATALOG 
Six-page catalog describes and contains 
photographs of tachometers, angle and 
straight dual and ‘single drives, light- 
duty gear box, counters, miniature 
clutch and flexible shafts. Barbour 
Stockwell Instruments Div. of Curtis & 
Marble Machine Co., 80 Cambridge 
St.. Worcester 3, Mass. 

Circle 762 on Inquiry Card 


MICROCIRCUITRY DATA 


One-sheet technical release contains 
performance data on materials used in 
“thin-film integrated circuitry” for use 
in microcircuitry. Data indicates prac- 
ticability of constructing microcircuits 
on production scale. Halex, Inc., P.O. 
Box 546, El Segundo, Calif. 


Circle 763 on Inquiry Card 


PRINTED-CIRCUIT RESISTORS 


Bulletin P-3-7/60, two pages, describes 
line of radial and axial-lead resistors. 
Lists general characteristics, ratings 
and dimensions for Type LP and micro- 
miniature encapsulated resistors for 
printed-circuit applications. Reon Re- 
sistor Corp., 155 Saw Mill River Rd., 
Yonkers, N. Y. 

Circle 764 on Inquiry Card 


PRECISION-RESISTOR CATALOG 


Engineering Manual WC-3 (24 pages) 
features a master chart of MIL-type 
wirewound resistors available with ex- 
tended ranges, high wattage ratings, 
tight resistance tolerances and special 
temperature coefficients. Network and 
filter assemblies are illustrated and de- 
scribed. Catalog information includes 
parameters defined by specifications 
MIL-R-93B and MIL-R-9444A; also 
complete technical information for pre- 
power resistors (MIL-R-26C), 
epoxy-cased carbon-film resistors (MIL- 
R-10509C), printed-circuit resistors 
(MIL-R-93B), and other military and 
commercial units. Mepco, Inc., 35 Ab- 
bett Ave., Morristown, N. J. 

Circle 765 on Inquiry Card 


cision 


PRECISION RESISTORS 

Series of data sheets offers information 
on “Pyroseal” deposited carbon-film 
resistors, Includes specifications and 


design charts for the resistors, which 
meet MIL-R-10509C. Standard toler- 
ances are 0.1 to 1.0 per cent. Pyrofilm 
Resistor Co., Inc., U. S. Highway 46, 
Parsippany, N. J. 

Circle 766 on Inquiry Card 


CARBON-FILM RESISTORS 
Bulletin 60398, single-page, lists speci- 
fications on hard-glass sealed hermetic 
resistors. Included is temperature de- 
rating curve and specifications. Resis- 
tors meet MIL-R-10509C for Character- 
istic B. Texas Instruments, Inc., 1141 
E. Jersey St.. Elizabeth. N. J. 

Circle 767 on Inquiry Card 


POTENTIOMETER BROCHURE 


Two-sheet Bulletin 604 describes single- 
turn, wirewound potentiometer Series 
1500, 1600, 1700 and 1800. Available in 
servo and panel models, linear and 
non-linear functions. Series 1500, 16 
in. diam, temperature range —55 to 
+-105 C, min life of 2 million shaft 
revolutions. Series 1600, 134 in. diam, 
4 watts, meets NAS 710 specifications. 
Series 1700, 2 in. diam, 5 watts at 40 C, 
derates to zero watts at 105 C. Series 
1800, 3 in. diam, 7 watts. All have max 
equivalent noise factors of less than 
100 ohms and withstand over 100-g ac- 
celeration. Duncan Electronics, 1305 
Wakeham Ave., Santa Ana, Calif. 

Circle 768 on Inquiry Card 


RESISTANCE FILAMENTS 


Bulletin FIL-12-60 announces availabil- 
ity of high-positive-coefficient resistance 
filaments of tungsten and Kovar. Two- 
page sheet contains specifications, draw- 
ings, curves and schematics of associ- 
ated circuitry. Gow-Mac Instrument Co., 
100 Kings Rd., Madison, N. J. 

Circle 769 on Inquiry Card 


SCR CAPACITORS 
Bulletin GEZ 3279, 4 pages, describes 
capacitors for silicon controlled rectifier 
applications, rated 0.1 to 60 wf and up 
to 4000 volts rms. Publication gives 
application considerations, technical de- 
scription, dimensions and ratings. Gen- 
eral Electric Co., Schenectady 5, N. Y. 
Circle 770 on Inquiry Card 


INDUSTRIAL HEATING CATALOG 

Catalog Supplement CS-600, 22 pages, 
contains specifications and illustrations 
of electric heater bands, air-heating ele- 
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When you discuss solenoid valve requirements with an 
ASCO engineer, you benefit from the design and de- 
velopment experience of half a century. The ASCO 
specialist can recommend the right valve for your 
needs because ASCO pioneering has brought about 
the thousands of types of solenoid valves now available: 

Two-way valves in pipe sizes from 4%” to 8”—for 
temperatures from -350°F to 600°F —for pressures to 
5000 p.s.i. 

Three-way valves in pipe sizes from %” to 2” — 
for temperatures from -350°F to 600°F — for pressures 
to 1000 p.s.i. 


Four-way valves in pipe sizes from 4” to 144”—for 
temperatures from -65°F to 212°F — for pressures to 
750 p.s.i.— poppet or slide type. 


And ASCO can supply you with standard, explosion- 
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proof or water tight enclosures — Class A and Class H 
coils — a wide range of body materials including cast 
iron, brass, bronze and stainless steel. Or trade on 
ASCO experience and have one of our engineers call. 


New! Catalog No. 202 covers the ASCO line 
of Solenoid Valves. Write for your copy today. 


For Immediate Delivery... 


World’s largest stock of Solenoid Valves. 
A complete Solenoid Valve Stock List will be 
sent to you with your copy of Catalog No. 202. 


Whatever the crucial factor in your flow control 
applications—reliability, compactness, high cycling 
rate—there is an ASCO valve that meets your need. 


ASCO Valves 


50M HANOVER RD., FLORHAM PARK, N. J.,. FRONTIER 7-4600 
AUTOMATIC TRANSFER SWITCHES « SOLENOID VALVES ¢ ELECTROMAGNETIC CONTROL 
Circle 185 on Inquiry Card 


Automatic Switch Co. 





THESE ARE SPRAGUE’S TWO OUTSTANDING 


HIGH-TEMPERATURE MAGNET WIRES 


FOR CONTINUOUS OPERATION AT 
HOTTEST SPOT TEMPERATURES 
up 10 200°C 


FOR CONTINUOUS OPERATION AT 
HOTTEST SPOT TEMPERATURES 
up To 250°C 


CERAMIK 
INSULATION 


CERAMIC SINGLE-SILICONE 


CERAMIC SINGLE-TEFLON 


CERAMIC 
INSULATION 


SINGLE DOUBLE 
TEFLON TEFLON 
OVERLAY OVERLAY 


CERAMIC MEAVY-TEFLON 


ENLARGED CROSS-SECTIONS OF CEROC® COPPER MAGNET WIRE 


Sprague offers you a choice of 2 
truly high temperature magnet 
wires: For continuous operation 
at hottest spot temperatures up 
to 200°C (392°F) and up to 
250°C (482°F) for short periods 
of time—depend upon TETROC 
—an all Teflon-insulated wire 
available in both single and 
heavy coatings. 

CEROC is Sprague’s recommen- 
dation for continuous operation 


us _—_ . 
SPRAGUE ELECTRIC COMPANY 


807 MARSHALL STREET, NORTH ADAMS, MASS. 


at hottest spot temperatures up to 
250°C (482°F) and up to 300°C 
(572°F) for short periods of time. 
Ceroc has a flexible ceramic base 
insulation with either single sili- 
cone or single or heavy Teflon 
overlays. The ceramic base stops 
“cut-through” sometimes found in 
windings of all-fluorocarbon wire. 
Both Tetroc and Ceroc magnet 
wires provide extremely high 
space factors.*%* * * * * 


FOR COMPLETE DATA 
WRITE FOR ENGINEERING 
BULLETIN 405 (TETROC 
WIRES) 400A (CEROC 
WIRES). 


SS 


THE MARK OF RELIABILITY 


Circle 186 on Inquiry Card 


ments, blower-type heaters, immersion 
units, engine heaters, mineral-insulated 
heating cable, special radiant heaters 
for process and comfort heating, con- 
trols and other elements and equipment. 
Edwin L. Wiegand Co., 7500 Thomas 
Blvd., Pittsburgh 8, Pa. 

Circle 771 on Inquiry Card 


ELECTRIC HEATING ELEMENTS 


Folio 500 describes, pictures and gives 
data on immersion, cartridge, strip, 
tubular and switch heaters. Heatrex, 
Inc., 1274 S. Main St., Meadville, Pa. 

Circle 772 on Inquiry Card 


DATA-RECORDING INSTRUMENTS 


Illustrated brochure, 20 pages, offers 
information on data processing and 
recording devices. Among units de- 
scribed are film-processing cameras, at- 
mospheric-bacteria-content meters, and 
cameras for X-ray cinefluorography. 
Photomechanisms, Inc., Huntington 
Sta., N. Y. 

Circle 773 on Inquiry Card 


3-IN. OSCILLOSCOPE 


One-page release describes panel- 
mounted oscilloscope. Dimensions: front 
panel, 6 x 6 in.; length, 11% in. Sen- 
sitivity, 0.15 volt rms per in. vertical 
and 0.2 volt rms per in. horizontal. 
Power input, 115 volts, 60 to 400 cps, 
50 watts. Building Blocks Electronic 
Co., 2172 E. 36 St., Brooklyn 34, N. Y. 

Circle 774 on Inquiry Card 


DUAL-TRACE OSCILLOSCOPE 


One-sheet release describes features of 
Types 1120 portable and 1120-R rack- 
mounted scopes. Contains display pho- 
tographs, uses and specifications. Ana- 
lab Instrument Corp., 30 Canfield Rd., 
Cedar Grove, N. J. 

Circle 775 on Inquiry Card 


ELECTRONIC SWITCH 


Four-page brochure describes modes of 
operation and gives specifications of 
“Beamplexer” 10-position switch. Beam- 
switching tube provides means of dis- 
playing up to 10 separate channels of 
information on a conventional oscillo- 
scope. Allows vertical positioning of 
signals in any desired relationship. 
Burroughs Corp., Electronic Tube Div., 
Plainfield, N. J. 

Circle 776 on Inquiry Card 


AUTOMATIC PROGRAMMER 


Data sheet describes Model FGE 5048 
curve follower which interprets pencil- 
drawn graphs and produces a cyclical 
output signal. Lists applications, speci- 
fications, describes operation. Research, 
Inc., Box 6164, Minneapolis 24, Minn. 

Circle 777 on Inquiry Card 


TIME-DIVISION SWITCHING ~ 
Brochure, 26 pages, presents informa- 
tion on techniques for generating or 
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PUTTING MAGNETICS TO WORK 


Sign up for the Magnetics self-improvement course: 


Here’s free help to enable you to improve yourself—and 
your position as a magnetic circuit designer. You need it if: 
. d 
You don’t know how to work with E=n * to re- 
duce the size of magnetic amplifier circuits. Most men 
who design amplifiers for cramped operation in mis- 
siles have found it invaluable. 


What’s more, you may only vaguely remember 


I ‘ ae 

=.4%——, 90 how can you use it to cut circuit 
m 

size by two to ten times, an shorten response time 

proportionately ? 


It’s quite possible that you, like many engineers, may 
have bypassed or been bypassed by magnetic circuit 
theory as a working tool while you were in school. Yet 
this science has opened frontiers of static control which 
makes an understanding imperative if you are to do your 
job—and further your career. For your sake (and for 
ours, too, because we manufacture and sell high perme- 


ability tape wound cores and bobbin cores which are 
used in amplifier circuits), we have started this course. 
Lesson 1, “‘How to Reduce Magnetic Circuit Size and 
Response Time,” will be on its way to you immediately 
if you use the coupon below. 


a ine. 


MAGNETICS INC., DEPT. ET-86, BUTLER, PA, 


Please enroll me in your free self-improvement course, and send me 
“‘How To Reduce Magnetic Circuit Size and Response Time.”’ 


name 
title 
company. 


address 


eeeereeeeeeeeeeenee 
eeeeeeeeeeeeereeeee 


VISIT OUR BOOTH 2533 AT THE IRE SHOW. 
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motorability 


since 1942 


Kollsman has been designing and manufacturing 
special-purpose control motors of high precision for 19 
years. More than 1,000 different Kollsman-designed 
motors now exist. 

Our Sales Engineers will be glad to consider your motor 
problems without obligation. Because of our tremendous 
backlog of existing designs most likely we can select 
the answer to your requirements immediately. If not, 

we are equipped and staffed to design to your specification. 


SYNCHROS ® RESOLVERS ® SERVO MOTORS ® MOTOR GENERATORS ® INTEGRALLY 
GEARED UNITS ® INDUCTION GENERATORS ® DRAG CUP MOTORS ® SYNCHRONOUS 
MOTORS ® PERMANENT MAGNET GENERATORS ® VELOCITY AND INERTIA DAMPED 
UNITS .. . AND SPECIAL DESIGNS. 


call or write for additional information 


KOLLSMAN MOTOR CORPORATION 


a A SUBSIDIARY OF STANDARD KOLLSMAN INDUSTRIES, INC. 


Mill Street / Dublin, Pa. / Tel.: CHerry 9-3561 
West Coast Office: 715 Sonora Ave., Glendale, Calif. / Tel.: CHapman 5-2027 


Circle 188 on Inquiry’ Card 


detecting pulses in time-division solid- 
state switching. Discusses advantages 
ot time-division switching as opposed 
0 space-division switching; presents 
explanation of function and operation. 
North Electric Co., So. Market St., 
Galion, Ohio. 

Circle 778 on Inquiry Card 


TAPE-PROGRAMMED TESTER 


Brochure, 12 pages, outlines applica- 
tions of automatic tester for electronic 
circuit checkout. Tape-programmed- 
checkout feature provides speed and 
accuracy for production-line testing of 
systems or sub-assemblies. Lavoie Labo- 
ratories, Inc., Box 2, Morganville, N. J. 

Circle 779 on Inquiry Card 


HIGH-IMPEDANCE DIGITAL 
VOLTMETER 


Information release 6077-1 (2 pages) 
describes Series 5000 solid-state volt- 
meter which features high input im- 
pedance that does not depend upon a 
null condition within the instrument. 
An average of 200 readings/sec is 
achieved with +£0.01 per cent accuracy 
relative to either an external reference 
or the internal Zener reference. In-line, 
in-plane projection readout used. Elec- 
tronic Associates, Inc., Long Branch, 
N. 3. 

Circle 780 on Inquiry Card 


VOLT-OHM-MILLIAMMETER 


One-sheet release C-160-360, containing 
photograph and specifications, describes 
“V O Matic 360” which displays only 
one direct-reading scale at a time. Sen- 
sitivity: 20,000 ohms per volt d-c; 5000 
ohms per volt a-c. B & K Manufacturing 
Co., 1801 W. Belle Plaine Ave., Chicago 


13, 201: 
Circle 781 on Inquiry Card 


TRANSFER-FUNCTION ANALYZER 
Bulletin 711, 18 pages, containing pho- 
tographs, circuit diagrams and speci- 
fications, describes Model 711 analyzer 
for determining frequency-response 
measurement. Unit presents data as in- 
phase and quadrature components, as 
well as amplitude and phase vs fre- 
quency. Boonshaft and Fuchs, Inc., 
Hatboro Industrial Park, Hatboro, N. J. 
Circle 782 on Inquiry Card 


NUCLEAR MAGNETIC-RESONANCE 
FLUX ANALYZER 
Release 401, one sheet, describes Model 
1037, which provides extreme accuracy 
for interrogating, mapping and meas- 
urement of either axial or transverse 
magnetic fields. Absolute accuracy is 
based on NBS determination of gyro- 
magnetic ratio of protons in water. 
Contains photographs and _specifica- 
tions. Automation Industries, Inc., In- 
dustrial Park, Boulder, Colo. 
Circle 783 on Inquiry Card 
(Continued on page 193) 
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HOW TO PUNCH HOLES IN 
HIGH PRODUCTION COSTS... 


The original production of this switch base 
(left top) called for sawing on 4 sides, 
drilling 7 holes and affixing 4 screws and 
nuts. Spaulding reduced these operations at 
a saving of 75% by re-designing the part 
(left bottom) and using a grade of Spauldite 
that can be punched and extruded. 


..-WITH SPAULDING VALUE 
ANALYSIS ENGINEERING 


The Value Analysis process calls for a ‘‘sci- 
entific method of accomplishing a function 


at the lowest possible cost.” 


That is why Spaulding maintains staffs of 
specially trained engineers who evaluate a 
customer’s product, then show how it can 
be made better, easier and at a lower cost 
with a Spaulding Material, processed by 
Spaulding’s own Fabricating Department. 


The unique characteristics of Spaulding 
Industrial Plastics and Vulcanized Fibre 


hold the same advantages for your product. 


SPAULDING FIBRE COMPANY, INC. 


302 WHEELER STREET, TONAWANDA, NEW YORK 


SPAULDING FIBRE COMPANY, INC. 
SPAULDING VALUG AMéivSs 302 Wheeler Street 


free Tonawanda, New York 
Please send a free copy of the brochure, 
VALUE “Spaulding Value Analysis.” 
ANALYSIS Name 
Radyced  Opwations to 2 Operatans 
st Cot by FE om the Orgduttion of the Dut 
BROCHURE Firm 


SPAVLOING FIBRE COMPANY. INC 
Address 


SEND FOR YOUR COPY NOW 
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You get MORE THAN A MOTOR with 


General Electric’s Form G...for example... 


Versatility 
Personified 


That’s an apt description of General Electric’s 
Form G fhp motor if there ever was one. It’s the 
ability to modify, to adapt, to do things differently 
... todo them your way. 

Mount it horizontally, vertically, direct or belt 
drive ... whatever each of your products requires. 
You'll find in every case that General Electric’s 
Form G motor “can do.” 

In addition to versatility, you get these MORE 
THAN A MOTOR benefits with General Electric 
Form G motors: Years-ahead Design Leadership .. . 
Expert Application Aid ... Ease of Assembly ...On- 
time Delivery ... Fast, Local Service. 





THESE FORM G MOTOR VERSATILITY FEATURES 
MEAN GREATER DESIGN FREEDOM FOR YOU 


1. MOUNTING VERSATILITY—Both solid and 
resilient cradle bases permit rotation of Gen- 
eral Electric Form G motors within base to 
meet your design and space requirements. 


3. FAST VOLTAGE CHANGE—Sliding plates 
on terminal boards allow change from 115 to 
230 v operation (or vice versa) in one-fifth 
the time without confusion or error. 


5. ALL-ANGLE OPERATION—All-angle sleeve 
bearing and positive oil retention system allow 
you to mount standard Form G motors in any 
position. No need for costly specials. 


2. FAST ROTATION CHANGE—No need to 
specially order motors to meet your rotation 
requirements. Just interchange two motor 
leads; reverse shaft rotation in seconds. 


4. EASY, DIRECT MOUNTING—Mount Form 
Gs directly without expensive machining or 
brackets. Close end shield tolerances allow 
mounting of motor with simple through-bolts. 


6. COMPLETE LINE—Over 850 basic models 
—and literally thousands of variations—mean 
there's a standard Form G motor to meet 
your product's exact requirements. 


tion, call your G-E Sales Engineer or write for bulle- 
tin GEA-6424 to Section 721-08, General Electric 
Co., Schenectady 5, N. Y. 


You get these added values at no extra cost. So 
why settle for less? Form G fhp motors are availa- 
ble in NEMA 48 and 56 frames. For more informa- 


Progress ls Our Most Important Product 


GENERAL @@) ELECTRIC 





High Precision 
Data 


Pear 


Logger for $3,600 


The RS2 Recording Digital Voltmeter — now in volume production at Non-Linear Systems, Inc.— scans up to 20 double-pole input 


channels... 


measures DC voltage from +0.001 to +999.9 with +0.01% accuracy .. . and records input channel number and the 4-digit 


voltage measurement. Uses include research and development, quality control, environmental end reliability testing. 


Volume production and simplified controls of 
the RS2 account for its low cost — half to a third 
less than custom-built units. 


Plug-in stepping switches in the digital volt- 
meter section of the RS2 permit replacement of 
all switches and decade resistors in minutes 
instead of days 


Note the compact, plug-in modular design of 
the scanner-printer section of the RS2. 


€ Circle 190 on Inquiry Card 


NLS Reports on Low-Cost, Standard Data Logger 


A low-cost automatic data logger built as an integrated scanning, measuring and 
printing system —the RS2 Recording Digital Voltmeter—is now in volume 
production at Non-Linear Systems, Inc. 

This economy-priced NLS logger is designed for applications requiring high accu- 
racy and low cost without need for the higher speed and greater input capacity of 
higher cost NLS systems. Simplified controls offer several automatic and manual 
modes of operation to meet the needs of a great number of applications. 

While utilizing many circuits field-tested for six years in thousands of NLS digital 
voltmeters, the RS2 has undergone extensive testing as a standard, complete 
system. It is delivered ready to use, without need for additional engineering or 
complex interconnections. 

Call your NLS regional office or representative for a demonstration, or write NLS 


RS2 BRIEF SPECIFICATIONS 


Visual Indication: 4-digit voltage reading with 
correct polarity and range. 2 digits for input 
channel identification. 

Range-Polarity Indication: automatic 


tem continually repeats automatic scanning 
cycle from channel 00 to 19. ONE CYCLI 
- system automatically stops after scanning 
channel 19. PRINT — one input is measured 
without advancing scanner. Scanner may b« 
manually advanced one channel at a time by 
depressing front panel ADVANCE button. 

AC Voltage: Use NLS AC/DC Converter 

Low-Level DC: Use NLS Model 140 Preamplifier 

Input Impedance: 10 megs on all ranges 

Speed: 2 seconds average for each data point Size: 14” high, 15%” deep for 19” rack 
scanned, measured and recorded 

Scanner Operation Modes: AUTO CYCLE — sys- 


Functions: scanning up to 20-double-pole chan- 
nels; measuring DC voltage from +0.001 to 
+999.9 in ranges of +9.999/99.99/999.9; 
printing channel number, 4-digit reading, 
polarity and decimal point placement. 

Accuracy: +0.01% of full scale on each range. 


Delivery: From stock. 30 days, maximum, should 
stocks become depleted 


See the new RS2 at IRE, Booth 3041-42. 


Originator of the Digital Voltmeter 


non-linear systems, inc. 


DEL MAR, CALIFORNIA 
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CHRONOGRAPHS 


Bulletin 171-60 contains eight pages of 
illustrated technical data on tape 
chronographs, drum chronographs and 
precision regulator clocks. Accessories 
and supplies for these laboratory in- 
struments are also described. Gaertner 
Scientific Corp., 1201 Wrightwood Ave., 
Chicago 14, Ill. 

Circle 784 on Inquiry Card 


D-C POWER SUPPLIES 


Catalog, 32 pages, presents detailed in- 
formation on line of power supplies, 
a-c line-voltage regulators, frequency 
changers. Included is a section giving 
technical data on equipment opera- 
tional theory. Complete electrical and 
mechanical specifications listed. Soren- 
sen & Co., Inc., Richards Ave., So. Nor- 
walk, Conn. 

Circle 785 on Inquiry Card 


SOLID-STATE INVERTER 


Data brochure, four pages, describes 
Model 90-156-0 d-c to a-c inverter. De- 
scription of features, performance 
curves and specifications are listed. Also 
included is block diagram depicting 
operation, and dimensional drawing. 
Input, 22-32 volts; output, 115 volts at 
400 cps. Magnetic Research Corp., 3160 
W. El Segundo Blvd., Hawthorne, Calif. 

Circle 786 on Inquiry Card 


CLUTCH AND BRAKE 


Fold-out brochure offers information 
on line of thousand-in.-lb. clutches and 
brakes. Included is description of oper- 
ation, applications. Detailed specifica- 
tions are listed. Sommer Associates, 326 
No. Western Ave., Chicago. 

Circle 787 on Inquiry Card 


ELECTRIC DISK BRAKES 
Catalog 605B, eight pages, gives infor- 
mation on magnetic disk brakes for 
frame size 40 motors. Includes discus- 
sion of brake selection and design. 
Complete engineering information and 
specifications are listed. Stearns Elec- 
tric Corp., 120 No. Broadway, Milwau- 
kee 2, Wis. 

Circle 788 on Inquiry Card 


POWER-CONVERSION GUIDE 


Sixteen-page static power-conversion 
guide offers basic explanation of con- 
trolled electrical power. Outlines ad- 
vantages of static power equipment, 
provides useful comparisons between 
static and rotating electrical devices. 
Hamilton Standard Div., United Air- 
craft Corp., Broad Brook, Conn. 

Circle 789 on Inquiry Card 


SERVOMOTOR CATALOG 


Twenty-page short-form catalog in- 
cludes complete specification data on 
line of 60- and 400-cps servo units, 


NO OTHER REFERENCE CONTAINS SO MUCH DATA 
ON PERMANENT MAGNETS! The 346 pages of this 
Crucible Permanent Magnet Handbook offer the assist- 
ance you need to design permanent magnets into hi-fi 
and TV systems, generators, motors, meters, compasses, 
magnetic tools and hundreds of other instruments and 


components. 


Entire chapters discuss the subjects of permanent 
magnet design, measurements, ferromagnetism, electro- 
magnetism, magnetization, and the analyses of 60 
different magnet materials. For your copy of this Per- 
manent Magnet Handbook, send check or money order 
for $10* to Crucible Steel Company of America, Four 
Gateway Center, P. O. Box 88, Pittsburgh 30, Pa. 


*Add 40¢ for state sales tax if you are located in Pennsylvania. 


CRUCIBLE | STEEL COMPANY OF AMERICA 


MARCH 1961 
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inertial-damped servomotors and servo- 
motor tachometers. Available for solid- 
state circuitry and high-temperature 
operation, units withstand shock, vibra- 
tion, humidity and altitude. Mechani- 
cally, units range from Size 5 upward. 
IMC Magnetics Corp., Eastern Div., 
570 Main St., Westbury, L. I., N. Y. 
Circle 790 on Inquiry Card 


MOTOR CATALOG 


Eight-page Bulletin 2651 features 23 
types of motors with photographs, ap- 
plication descriptions and available 
ratings, enclosures and modifications. 
Contains squirrel-cage motors from 4 
to 2500 hp, gearmotors to 150 hp, d-c 
motors to 400 hp, wound-rotor motors 
to 800 hp, synchronous-induction motors 
to 150 hp, alternators, generators and 
associated control. Louis Allis Co., 427 
E. Stewart St., Milwaukee 1. 

Circle 791 on Inquiry Card 


SEALED MOTORS 


Bulletin 05-51B9040B, 12 pages, de- 
scribes uses, performance, and design 
features of integral-horsepower “Super- 
Seal” motors. Contains pictures, dia- 
grams and comparative performance 
curves. Allis-Chalmers, Milwaukee 1. 
Circle 792 on Inquiry Card 


EQUIPMENT DRIVE CATALOG 
Bulletin 7100, 36 pages, presents shaft- 


electrical porcelain 


Built to your Drawings and Specifications 
SEND US YOUR INQUIRIES 


2725 CORY AVE., AKRON 14, OHIO 
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G-E LEXAN’ POLYCAR 


STRENGTH LEXAN resin has an impact 
strength of more than 12 foot-pounds 
per inch of notch — higher than any 
other plastic! This toughness, plus heat 
resistance and good electrical proper- 
ties, make LEXAN resin an outstanding 
choice for 3-pole connectors used in 
rugged service on electric trucks. 


mounted and flange-mounted drives cov- 
ering torque range up to 44,000 lb-in. 
Includes design and construction fea- 
tures, dimensional data, engineering 
drawings, accessories and photos. Con- 
tains predrilled motor mounts to accom- 
modate rerated foot-mounted NEMA 
motors (1% to 30 hp). The Falk Corp., 
Box 492, Milwaukee 1. 

Circle 793 on Inquiry Card 


MINIATURE FLEXI8LE COUPLINGS 


Releases A-6254A to 6256A and A- 
6254B, each one page, are catalog 
drawings and specifications describing 
couplings that range from 5¢ to 1%¢ in. 
OD and 0.0937 to 0.6875 bore size. 
Rated to transmit 15 to 40 in.-lb of 
torque at high speeds. Absorb angular 
misalignment up to 7% deg, lateral up 
to 0.015 in. and axial movement up to 
0.060 in. Dial Products Co., 19 Cottage 
St., Bayonne, N. J. 

Circle 794 on Inquiry Card 


BEARING CATALOG 


Eighteen-page Brochure S-60 detailing 
1066 standard “Oilite” self-lubricating 
bearing sizes includes bronze in cored, 
plate stock, disks and strips. Section 
devoted to engineering data contains 
pictured demonstrations of self-lubri- 
cating qualities. Amplex Div., Chrysler 
Corp., Box 2718, Detroit 31. 

Circle 795 on Inquiry Card 
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HEAT STABILITY Lampholder terminal 


block is used inside electronic equip- 
ment where heat is difficult to dissipate. 
LEXAN polycarbonate resin replaced an- 
other thermoplastic which melted under 
severe thermal conditions. LEXAN has 
a heat distortion point as high as 290°F. 
Also keeps high strength in sub-zerocold. 


BEARING BULLETIN 


Four-page Bulletin S-109 contains data, 
pictures and description of “Reali- 
Slim” bearings. Sizes include six widths 
and cross sections from 4 in. to 1 in. 
with 4- to 12-in. bore. Kaydon Engineer- 
ing Corp., Muskegon, Mich. 

Circle 796 on Inquiry Card 


MINIATURE AND INSTRUMENT 
BEARINGS 


Forty-page catalog contains dimen- 
sional information as well as practical 
engineering and application data. Bear- 
ings are pictured actual size. The Fafnir 
Bearing Co., 37 Booth St., New Britain, 
Conn. 

Circle 797 on Inquiry Card 


INSTRUMENT GEARS AND CLAMPS 


Pocket-size catalog, 128 pages, contains 
full data and drawings of Precision I, 
II and III gears and clamps. Perfect 
Gear & Instrument Corp., 505 S. Hindry 
Ave., Inglewood 1, Calif. 

Circle 798 on Inquiry Card 


BAND CLAMPS 


Two-page Sheet OEM-1060 offers infor- 
mation on strip-steel clamps for con- 
necting ducts and securing insulation. 
Listed are standard sizes, construction 
details and features. Wittek Mfg. Co., 
4305-43 W. 24 PL, Chicago 23. 

Circle 799 on Inquiry Card 


ELECTRICAL PROPERTIES A_ good 
dielectric, LEXAN resin is non-corrosive 
even when used with very fine Class F 
magnet wire. Coil forms must not distort 
at temperatures above 200°F under 
stresses caused by tightly wound wire. 
LEXAN resin provides high heat distor- 
tion temperatures under load. 


FASTENERS CATALOG 


Catalog 960, 64 pages, describes small 
lightweight self-locking fasteners for 
avionic and electronic requirements. 
Contains clinch-nut installation instruc- 
tions with illustrations of production 
methods and tool use. Elastic Stop Nut 
Corp. of America, 2330 Vauxhall Rd., 
Union, N. J. 

Circle 800 on Inquiry Card 


NUT CATALOG 


Sixteen-page condensed catalog con- 
tains all basic engineering data and 
specifications on hexagon nuts, standard 
sizes 44 to 3 in.; lock-nuts sizes 14 to 
114 in.; specials %6 to 444 in.; weld- 
nuts No. 10 to 5% in.; 12-point nuts, 
sizes 14 to 5 in.; and 16 types of AN 
nuts. National Machine Products Co., 
Utica, Mich. 

Circle 801 on Inquiry Card 


SELF-LOCKING SCREWS 


Engineering Data Bulletin, four pages, 
offers information on design character- 
istics of self-locking bolts and screws. 
Included is a table of torque testing per 
MIL-F 18240 specifications, tempera- 
ture and strength data. Shown also are 
physical test data and typical applica- 
tions. Sizes are 4-40 and up. Long-Lok 
Corp., 2601 Colorado Ave., Santa 
Monica, Calif. 

Circle 802 on Inquiry Card 


ELECTRO-TECHNOLOGY 





BONATE RESI 


DIMENSIONAL STABILITY Card Guide 
for business machines is molded to 
close tolerances . .. must undergo min- 
imum change in dimensions during 
service. Parts show excellent dimen- 
sional stability under moist and high 
temperature conditions. LEXAN resin 
meets self-extinguishing requirement. 


ges 


EXPANDED METAL MESH 


Four-page brochure describes fine mesh 
manufactured from thin strips by slit- 
ting and stretching. Available in all 
ductile metals with individual mesh 
sizes as small as 0.021 x 0.031 in. and 
larger than 0.20 x 0.405 in. Exmet 
Corp., 127 Marbledale Rd., Tuckahoe, 
Re, 

Circle 803 on Inquiry Card 


MAGNESIUM FINISHES 


Reprinted 5-page article, “How to 
Specify Finishes for Magnesium,” dis- 
cusses availability and relative merits 
of chemical treatments and paints for 
use on magnesium. Representative costs 
and typical finishing systems for in- 
terior and exterior use are given. The 
Dow Metal Products Co., Midland, 
Mich. 

Circle 804 on Inquiry Card 


ALLOY STEEL SPECIFICATIONS 


Chart Sec. D, No. 1 shows the chemical 
analysis requirements for the more 
widely used military, Army-Navy Aero- 
nautical and federal alloy steel speci- 
fications. Also listed are specified forms 
(sheets, bars, tubing, etc.) and nearest 
corresponding SAE, AISI, and AMS 
numbers. Chart is printed on card stock, 
81% x 11 in. Peter A. Frasse & Co., Inc., 
17 Grand St., New York 13. 

Circle 805 on Inquiry Card 


MARCH 1961 


TRANSPARENCY Stock shapes and film 
of LEXAN polycarbonate resin have ex- 
cellent transparency. Bar stock is easily 
machined; film can be thermoformed, 
heat-sealed and solvent-sealed. Combi- 
nation of clarity, toughness and mallea- 
bility gives LEXAN resin the design 
capabilities of a transparent metal! 
Circle 194 on Inquiry Card 


FORMED-METAL STRIPS 


Bulletin 760, 36 pages, describes roll- 
formed shapes from aluminum, brass, 
copper, zinc, titanium; galvanized, 
stainless and carbon steel; painted, 
clad and vinyl-coated metals. Drawings 
illustrate line of standard angles, angles 
with weld projections; standard chan- 
nels; square and round lockseam tub- 
ing and round butted tubing. Roll 
Formed Products Co., Oakwood Ave., 
Youngstown, Ohio. 


Circle 806 on Inquiry Card 


ALUMINIZED THERMAL-BARRIER 
FABRIC 

Two-page product information bulletin 
describes an aluminized silicone rubber 
coated-glass cloth for thermal shielding 
of electronic equipment or personnel. 
Included are specifications and proper- 
ties. Irvington Div., Minnesota Mining 
& Mfg. Co., St. Paul, Minn. 


Circle 807 on Inquiry Card 


SILICONE ENCAPSULANT 


Bulletin 9-401, six pages, presents in- 
formation on fluid silicone rubber for 
thick-section embedding components or 
assemblies. RTV 601 compound has an 
electric strength of 550 vpm after 24- 
hr cure at 50 per cent RH (¢-in. 
thickness), and potted assembly sec- 
tions may be readily cut out for repair 


TOUGHEST 
OF PLASTICS! 


LEXAN OPENS UP NEW OPPORTUNITIES... 
Even before LEXAN entered large- 
scale production, manufacturers, 
impressed by its exceptional proper- 
ties, developed and field tested over 
300 applications. G.E. participated 
in these developments. With the 
opening of new G-E facilities capa- 
ble of producing millions of pounds 
of LEXAN per year, the price of 
this versatile thermoplastic has 
dropped dramatically — over 40% in 
a single year. This fact alone has 
brought many new products within 
the range of feasibility. Can you 
afford to overlook the opportunities 
presented by LEXAN? Send for de- 
tails on price, properties, applica- 
tions and G-E’s technical assistance 
program today! General Electric, 
Chemical Materials Department, 


.. Section ET-31, Pittsfield, Mass. 


LEXAN’ 


Polycarbonate Resin 


GENERAL @@ ELECTRIC 


and then re-potted with fresh encap- 
sulant. Dow Corning Corp., Midland, 
Mich. 

Circle 808 on Inquiry Card 


ALUMINUM TAPE 


Bulletin 7452, one page, offers infor- 
mation on aluminum foil tape with rub- 
ber resin adhesive. Describes applica- 
tions (shielding or grounding), lists 
characteristics and properties. Mystic 
Adhesive Products, Inc., 2635 No. 
Kildare Ave., Chicago 39. 

Circle 809 on Inquiry Card 


PLASTIC PARTS CATALOG 


Twelve-page Catalog 8 describes and 
gives data on instrument knobs, utility 
handles, gear-shift lever balls, meter 
cases and cover, appliance feet and 
handles, pointer knobs, valve handles 
and others. Harry Davies Molding Co., 
1428 No. Wells St., Chicago 10. 

Circle 810 on Inquiry Card 
MOLDED GLASS-FIBER CASES 
Illustrated booklet, 16 pages, gives de- 
tailed information on lightweight cases 
to house small equipment. Details cover 
standard and custom cases, hardware, 
interiors, and mounts. Skydyne, Inc., 
River Rd., Port Jervis, N. Y. 

Circle 811 on Inquiry Card 


OPTICAL COMPONENTS 
Brochure, four pages, briefly describes 
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line of elements and components for 
applications in optics. Offers informa- 
tion on design and engineering services 
that are available. Plummer & Kershaw, 
E. Greenville, Pa. 


Circle 812 on Inquiry Card 
MACHINABLE-CARBIDE MANUAL 


Twelve-page manual describes “Ferro- 
Tic C,” machinable and hardenable 
carbide, tooling problems solved with 
this material, machining and heat-treat- 
ing instructions and _ specifications. 
Sintercast Div., Chromalloy Corp., 171 
Western Highway, W. Nyack, N. Y. 
Circle 813 on Inquiry Card 


FLUORINE-CONTAINING 
THERMOPLASTIC 


Brochure, 16-pages, describes RC-2525 
resin which provides high performance 
in environments which degrade less 
stable molding materials. Discusses res- 
in structure, properties and applica- 
tions. Pennsalt Chemicals Corp., 3 Penn 
Center, Philadelphia 2. 


Circle 814 on Inquiry Card 


EPOXY RESIN 

Two-page data sheet lists specifications 
of epoxy resin for coating electrical 
components. Corrosion resistant, the 
coating has an electric strength of 600 
volts per mil. Withstands temperature 
of 170 C for 1000 hr, water absorption 


is 0.18 per cent after 30 days. Spatco 
Mfg. Co., Inc., 45-31 Davis St., Long 
Island City 1, N.Y. 

Circle 815 on Inquiry Card 


MOLDING COMPOUND 
One-sheet release and sample “desk- 
test” kit of “Copy-Cast” molding, filling, 
bonding and shape-making compound 
is available. Resistant to chemicals, 
shrinking, crumbling. Has high elec- 
trical resistance. Future Chemicals, 
4350 No. Whipple St., Chicago 18. 
Circle 816 on Inquiry Card 


ABS PLASTIC 


Kralastic MH is described in a 20-page 
illustrated booklet published for prod- 
uct designers. Physical and chemical 
data, including performance charts, are 
given on this plastic which was spec- 
ifically developed for injection molding 
and is currently being used for home 
appliances and a range of other applica- 
tions. Naugatuck Chemical Div., United 
States Rubber Co., Naugatuck, Conn. 
Circle 817 on Inquiry Card 


MOLDING TECHNIQUES 


Six basic techniques for molding thou- 
sands of products are explained in 10- 
page booklet. The molding methods de- 
scribed are hand lay-up, spray-up, 
matched metal die preform, premix, 
filament winding and pre-preg. Also 
given are physical and chemical proper- 


SUM TOTAL 


Uma Nae Oh at 
CMU eS TEL Medea 


More than 30 different formulas are now in stock to solve your elec- 
trical insulation problems. Whether it be an extreme environmental 
condition or a normal impregnation, encapsulation or coating project, 
there's a Furane epoxy resin to fit your requirements. 


WRITE NOW FOR 
FREE ELECTRICAL PROPERTIES 


West Coast/4516 Brazil Street, Los Angeles, California, CHapman 5-1151 





East Coast/42 Chasner Street, Hempstead, L.I., N.Y., IVanhoe 3-6246 
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ties of parts molded by each method. 
Reinforced Plastics Div., The Society 
of the Plastics Industry, Inc., 250 Park 
Ave., New York 17. 


Circle 818 on Inquiry Card 
INSULATING TAPES 


“Reference Data for Design Engineers,” 
a four-page chart, lists typical proper- 
ties, standard slitting tolerances, stand- 
ard lengths and military specifications 
of 31 tapes, ranging from paper to sili- 
cone rubber. Minnesota Mining and 
Manufacturing Co., 900 Bush Ave., St. 
Paul 6, Minn. 


Circle 819 on Inquiry Card 


PLASMA-SPRAYED COATINGS 


Brochure 101, six pages, describes 
plasma spraying process and applica- 
tions in areas of high-temperature pro- 
tection and depositing of carbide hard 
facing. Includes information on surface 
preparation, nature of coating bond, 
description of plasma torch. Plasma 
Systems Div., Schori Process Corp., 


P.O. Box 712, Pt. Washington, N.Y. 
Circle 820 on Inquiry Card 


GLASS-FIBER FABRIC DATA 


Illustrated brochure listing more widely 
used constructions of glass-fiber fabrics, 
woven rovings and tapes for the elec- 
trical, reinforced plastic and coating 

(Continued on page 198) 


AUTOMATION and QUALITY CONTROL 
insures the best in 


DANO COIL ENCAPSULATION 


Also send us your specifications for quotation on: 


BOBBIN COILS @ PAPER INTERLEAVE COILS 
COTTON INTERWEAVE COILS @ FORM WOUND COILS 
COILS FOR HIGH TEMPERATURE APPLICATIONS 


TRANSFORMERS MADE TO ORDER 


THE DANO ELECTRIC COMPANY 


Street ¢ Winsted, Conn. 
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THIS DVM IS EXPLOSION PROOF | Cubic announces the first digital voltmeter 


that may be used in any explosive atmosphere. The new Model 2100 
is ideal for use around aircraft or missiles that are being fueled, in 
pipeline pumping stations, refineries, chemical processing plants, 
munitions factories and all other environments formerly considered 
“off-limits” for a DVM. It has already been chosen for use on Polaris- 
armed submarines. 


Other Features of the Model 2100: shockproof — withstands up to 
50G shock; waterproof —can operate underwater; corrosion-proof — 
can't be damaged by salt spray or chemicals; specifications equal or 
exceed those of all high performance meters. Write for descriptive 
literature to Dept. ET-102, Industrial Division, Cubic Corporation, 
San Diego 11, Calif. 

Visit us at the I.R.E. Show... Booth No. 3111 


Cubic manufactures a complete line of : @ 
quality digital instruments, including a-c C Ul i C 
and d-c voltmeters, ohmmeters, ratiom- 


eters, scanners and printer controls. CORPORATI ON 


MARCH 1961 Circle 197 on Inquiry Card 





industries gives detailed specifications 
of various glass fabrics and sketches of 
weave patterns. Specific constructions 
recommended for various industries. 
Applicable military specifications given, 
as well as explanations of specialized 
finishes used. J. P. Stevens & Co., Inc., 
Industrial Glass Fabrics Dept., Broad- 
way and 41 St., New York 36. 

Circle 821 on Inquiry Card 


R-F COAXIAL PATCH PANEL 


One-sheet brochure describes patching 
equipment for routing of r-f in receiver 
and low-power transmitter installations 
and the distribution of audio and r-f 
signals in data, computer, telemetry and 
communication. Jack strips and patch 
cords available for 52- or 72-ohm sys- 
tems using RG-8, -9, -11, -55, -58, -59, 
-62 and miniature cables. Trompeter 
Electronics, 7713 Oakdale, Canoga 
Park, Calif. 

Circle 822 on Inquiry Card 


COAXIAL-CABLE CONNECTORS 


Illustrated eight-page brochure de- 
scribes new connectors for aluminum 
sheathed, high-frequency Styroflex and 
Foamflex coaxial cables. Full mechani- 
cal and electrical specifications along 
with typical installation instructions are 
given. Phelps Dodge Copper Products 
Corp., 300 Park Ave., New York 22. 

Circle 823 on Inquiry Card 


TERMINAL STRIP 


Data Sheet 12 (two pages) describes 
quick-disconnect terminal strip, consist- 
ing of barrier strip and blade contact 
interconnecting strip. By using term- 
inals of interconnecting strip for power 
and control signals, a malfunctioning 
unit can be isolated from the source by 
pulling out plug-in strip. Infrared In- 
dustries, Inc., P.O. Box 42, Waltham, 
Mass, 

Circle 824 on Inquiry Card 


TERMINAL BOARD BULLETIN 


Eight-page Bulletin 61-3 contains all 
electrical and mechanical specifications 
of complete line of military terminal 
boards. Includes quick-selection table, 
drawings with dimensional information, 
details on available hardware and ac- 
cessories. Also AMP terminal specifica- 
tions for use with Bureau of Ships 
terminal boards, contained in one sheet. 
Kulka Electric Corp., 633-643 S. Fulton 
Ave., Mount Vernon, N.Y. 

Circle 825 on Inquiry Card 


ELECTRONIC COMPONENTS CATALOG 


Catalog S600, 120 pages, contains list- 
ings of solder terminals and swagers, 
terminal boards, hardware, insulated 
terminals, coil forms, and coils and 
capacitors. Includes detailed drawings 
and specifications of each item. Cam- 
bridge Thermionic Corp., 445 Concord 


Ave., Cambridge 38, Mass. 
Circle 826 on Inquiry Card 


TRANSISTOR SOCKET 


One-page Catalog 74-010 contains spec- 
ifications and engineering drawings of 
socket for Clevite transistor. Jettron 
Products, Inc., 56 Route 10, Hanover, 
N.J. 

Circle 827 on Inquiry Card 


MAGNETIC TAPE HANDLER 


Two-page data sheets list specifications 
for Model 906 II digital magnetic-tape 
handler. Unit allows program speeds to 
120 in. per sec. Can be used with eight 
different computers. Potter Instrument 
Co., Inc., Sunnyside Blvd., Plainview, 
N.Y. 

Circle 828 on Inquiry Card 


COMPUTER SCALER 
Bulletin 501-29, two pages, describes 
Model QS-6 digital readout scaler for 
computing count rate or frequency. 
May be used with tape printer or punch. 
Lists specifications, offers information 
on operation. Automation, Inc., Div. of 
C. W. Reed Co., Inc., 5959 So. Hoover 
St., Los Angeles, 44. 

Circle 829 on Inquiry Card 


DIGITAL BUILDING BLOCKS 


Eight-page brochure describes use of 
“Data Bloc” and “Data-Pac” high-speed 


HOW TO SAVE MONEY 


ELECTRO-TECHNOLOGY 





digital-system building-block modules. 
Describes how basic test equipment 
modules can be used to check out new 
digital system design rapidly and re- 
place electrical equivalents to produce 
a reliable working prototype. Circuits 
considered are basic shift register, 
binary counter, forward-backward 
counter, binary adder and binary multi- 
plier. Harvey-Wells Electronics, Inc., 14 
Huron Dr., Natick, Mass. 

Circle 830 on Inquiry Card 


DIGITAL DISPLAY 


Single-sheet Product Specification A25 
gives information on visual decimal 
display LB-126 Series lamp bank. In- 
cludes specifications on decimal input, 
connectors and size. Chart lists lamp 
types and electrical requirements. 
Datex Corp., 1307 Myrtle Ave., Mon- 
rovia, Calif. 

Circle 831 on Inquiry Card 


DELAY LINES 
One-sheet Bulletin NPB-108 describes 


lumped-constant delay lines consisting 
of m-derived LC networks. Each delay 
line section gives linear phase shift be- 
yond 70 per cent of cutoff frequency. 
Thus, both rise time and overshoot are 
smaller than other delay lines with 
equal time delay. Light weight, small 
size and hermetically sealed construc- 
tion. Meets military specifications. HST 


Division of Dresser Electronics, 555 No. 
5th St., Garland, Texas. 
Circle 832 on Inquiry Card 


WAVEGUIDE ATTENUATORS 


Bulletin 500, four pages, offers informa- 
tion on waveguide attenuators that meet 
shock and vibration requirements of 
MIL-T-945A. Specifications cover wave- 
guide dimensions, frequency range, at- 
tenuation range, insertion losses and 
accuracies. PRD Electronics, Inc., 202 
Tillary St., Brooklyn 1, N.Y. 

Circle 833 on Inquiry Card 


WAVEGUIDE CHART 


One-sheet Chart TL-605 of flexible rec- 
tangular waveguides is designed to as- 
sist in selection for specific applications. 
Contains information on frequency, con- 
struction, materials, dimensions, bent 
radii, jacket and pressure requirements. 
Technicraft Div., Electronic Specialty 
Co., 116 Waterbury Rd., Thomaston, 
Conn. 

Circle 834 on Inquiry Card 


PUSHBUTTON-DIAL TIMER BULLETIN 


Bulletin N-309, four pages, describes 
Series 309 automatic reset timer. Con- 
tains data on application, construction, 
installation, specialized functions, elec- 
trical data and basic circuit arrange- 
ments for control of up to four indi- 
vidual load circuits. Used for control of 


industrial processes, laboratory and ma- 
chine automation. Automatic Timing 
and Controls, Inc., King of Prussia, Pa. 

Circle 835 on Inquiry Card 


ELAPSED-TIME INDICATOR 


Data sheet offers information on Type 
SM-1 400-cps indicator with dial and 
hands. Drawing illustrates mounting 
dimensions and size, includes electrical 
specifications. Unit meets MIL-I- 
7793B. Electro-Craft Corp., 1015 So. 
Sixth St., Minneapolis 16, Minn. 

Circle 836 on Inquiry Card 


OIL-TIGHT CONTROLS 


Publication LO-104, 26 pages, describes, 
illustrates and gives specifications of 
multi-colored, illuminated panel con- 
trols. Contains sections on pushbuttons, 
indicating lights, selector switches, 
covers and enclosures, and accessories. 
Cutler-Hammer, 230. No. 12th St., Mil- 
waukee 1. 

Circle 837 on Inquiry Card 


SMALL SEALED RELAY 

Two-page Engineering Bulletin “R” of- 
fers detailed information on hermeti- 
cally sealed 6PDT relay. Contact rating 
is 2 amp at 26 volts d-c, or 115 volts 
a-c. Relay meets MIL-R-5757D. E. V. 
Naybor Laboratories, Inc., 26 Manor- 
haven Blvd., Port Washington, N.Y. 


Circle 838 on Inquiry Card 
(Continued on page 200) 


Select the Rome 50 cord best suited to your ap- 
plication. Available in sizes 18 AWG to 10 AWG as 
type SO—600 volts and 18 and 16 in type SJO— 
300 volts. 

For complete specifications, write to Rome Cable 
Division of Alcoa, Department 24-31, Rome, N. Y. 


Note: If your product is te be used under really rugged conditions, 
Rome 60—vulcanized in metal molds—could be just the ticket. 


ROME CABLE 
DIVISION OF ALCOA 


Make sure you get all that you pay for, 
but pay only for the quality you need. 

Simple? Yes. The cord you select plays 
a big role in the long-run performance of 
your products. 

Take Rome 50, for example. It’s rugged, but rela- 
tively low cost (compared with premium mold-cured 
cord), designed for conveyors, bus heaters, office 
machines, industrial and commercial appliances. 

The Roprene (neoprene) jacket provides excellent 
resistance to moisture, abrasion, oils, acids, sun- 
light and even to flame. 


MARCH 1961 Circle 198 on Inquiry Card 





MINIATURE RELAY 
Brochure 1069, four pages, offers infor- 
mation on Type H 4PDT, 10-amp relay. 
Coil performance tables are included, 
as well as electrical and environmental 
data. Units meet MIL-R-6106, MIL-R- 
57570 and MIL-R-25018. Union Switch 
& Signal, Div. of Westinghouse Air 
Brake Co., Swissvale, Pa. 

Circle 839 on Inquiry Card 


GENERAL-PURPOSE RELAYS 


Eight-page Bulletin WU-09 describes 
compact, 25-amp relays shown in a 
variety of standard mounting arrange- 
ments, with several optional types of 
terminals and eight SP and DP contact 
combinations. Engineering data, speci- 
fications, dimension sketches, acces- 
sories and typical applications included. 
Hart Mfg. Co., 110 Bartholomew Ave., 
Hartford 1, Conn. 


Circle 840 on Inquiry Card 


PHOTOELECTRIC DEVICES 
Single-page data sheet describes Type 
LR1 photoelectric relays and LP1 light 
projector. Included are design data on 
operating power required, speed of 
operation, operating characteristics, 
sizes and possible applications. Elec- 
tric Eye Enterprise, 1935 NW 191 St., 
OpaLocka, Fla. ‘ 

Circle 841 on Inquiry Card 


PANEL INDICATOR LIGHT 


Two-page data sheet describes Model 
855 S-DS panel light which emits light 
from the sides. Lists information on 
lenses and terminals available; presents 
dimensional and electrical data. The 
Sloan Co., 7704 San Fernando Rd., Sun 
Valley, Calif. 

Circle 842 on Inquiry Card 


Manufacturer’s 
Publications 


For these selected publications on 
materials, components, technical data and 
engineering services, write direct to the 
manufacturers on company letterhead, 
mentioning ELECTRO-TECHNOLOGY as your 
source, 


SHORT-FORM SEMICONDUCTOR 
CATALOG 


Catalog, 24 pages, covers over 800 
semiconductor devices, including rat- 
ings, characteristics and descriptive 
data on silicon glass diodes, rectifier 
cells, silicon solar cells and selenium 
contact protectors. Also includes com- 
prehensive listing of JEDEC rectifier 
types, with cross reference to device 
classification, rating and page number. 


For a copy, write on company letter- 
head for “Short Form Catalog,” Inter- 
national Rectifier Corp., 1521 E. Grand 
Ave., El Segundo, Calif. 


HIGH POWER USING 
SEMICONDUCTORS 


Brochure, 18 pages, describes devices 
and procedures used to develop a solid- 
state r-f generator delivering 1 watt at 
1000 mc. Block and circuit diagrams, 
as well as equations, are included. 
Copies may be obtained by writing to 
Pacific Semiconductors, Inc., 12955 
Chadron Ave., Hawthorne, Calif. 


ADHESIVES AND COATINGS 


Catalog, 12 pages, contains eight fold- 
out tables listing uses, characteristics 
and general properties of over 170 ad- 
hesives, coatings and sealers. Helps 
select proper compound for a specific 
application. A cross reference lists ad- 
hesive, coating and sealer applications. 
Copies can be obtained by writing on 
company letterhead to Minnesota Min- 
ing and Manufacturing Co., 900 Bush 
Ave., St. Paul 6. 


LAMINATED PLASTICS 


“Designers’ Fact Book,” 115 pages, 
contains property and application data 
covering standard, special and molding 
grades of thermosetting laminated plas- 
tics. Also included are tolerance and 


FOR TACHOMETERS 
AND MOST 
SERVO-MECHANISMS 


Ai ac a eS 5 


This new design permits perfect brush adjustment to the 
exact neutral zone. Assures even voltage and r.p.m. with 
either clockwise, or counter-clockwise motion. Rated at 3 
volts per 1000 R.P.M. 


Also available as a permanent magnet motor for miniatur- 
ized blower, fan or servo motor application. Motor units avail- 
able from 4-50 volts D.C. Equipped with Alnico V magnets. 


All units built to meet any commercial or military speci- 
fication. Complete with ball bearings or equipped with 
precision interchangeable sleeve bearings. 


Unit illustrated measures 1%” length with a 1%” diameter. 
With flange mounting, 1%” diameter. 


A-C rate generator also available. 
Designed and Manufactured by 


KNOX PORCELAIN CORPORATION 


Engineering 


HEINZ MUELLER o., inc. 


4735 W. lowa St., Chicago 51, Illinois 
SPECIALISTS IN ROTARY ELECTRICAL EQUIPMENT 


KNOXVILLE I. TENNESSEE 
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Five section L-Band Linear Accelerator similar to the one designed for 
Yale University. This accelerator is designed to produce better than 
6 amp peak current at 25 mev. Maximum design energy is 46 mev. 


Vacuum switches used as grounding switches to discharge 
28 kv klystron pulse modulators. 





JENNINGS RADIO MFG. CORP... 97.0.McLAUGHLIN 


POSITIVE CONTROL 


Proof of the versatility of vacuum switches is 
demonstrated in this linear accelerator designed 
by Applied Radiation Corporation for Yale Uni- 
versity. ARCO engineers have succeeded in creating 
a superior system through fine design and their 
insistence on the most reliable components. 


Note that Jennings vacuum switches are used at 
all key points in this high voltage system — in 
primaries, secondaries, and directly in the dc line. 
Notice also that vacuum switches occupy so little 
space that they can be placed right in the equip- 
ment. They do not require large separate enclosures 
as is usually the case with high voltage switches. 


Vacuum switches are particularly well suited to 
operate either in high voltage secondaries or dc 
lines because of the extremely rapid arc extinction 


# 
Reliability means Vacuum / Vacuum means DENNING 
® 


awa 


Three RH5G vacuum switches in the 15 kv secondary 
protect against arc backs in mercury vapor rectifiers. 


R8G vacuum switch in 15 kv de output circuit of de supply used as 
bypass switch to cut out surge limiting resistor to filter. 


anywhere in the 
high voltage circuit 


in a vacuum due to rapid radial diffusion of 
vaporized contact metal. The dielectric strength of 
vacuum also makes possible small, light actuating 
mechanisms, extremely fast operation, and long 
life. Vacuum switches are non-explosive, non-toxic, 
and non-flammable and, what is most important, 
they never need maintenance. 


Vacuum switches are unequalled for fault current 
protection, capacitor discharge, high voltage dis- 
connects, tap changing on rf coils, or any high 
voltage switching problem difficult to accomplish 
by any other means. 


Specify Jennings vacuum switches for your next 
high voltage application. In the meantime, write 
for more detailed information on Jennings switches 
for high power utility use or industrial electronic 
applications. 





CLEAN «+ CLASSIC 


& 


UNCLUTTERED 


Here are meters, free of frills 
and tinsel, executed in hand- 
some good-taste with sensible 
proportions to fit and enhance 
any panel board. 

Besides their aesthetic quali- 
ties, BECKMAN® Panel Meters do 
an unbeatable me *ring job. 
They are of all-metal construc- 
tion with steel movement enclo- 
sure, and are unaffected by 
magnetic panel materials or 
stray RF. They are dust-free 
and sealed to 2.5” Hg. The 4”x6” 
model shown has a 4.7” long 
scale arc for clear, shadowless 
readability. BECKMAN Panel 
Meters have a standard mount- 
ing configuration, and are inter- 
changeable with other meters 
of like dimensions. Special 
scale plates and bezel colors are 
available. 


Best news of all...30 day de- 
livery! Drop us a line or contact 
your nearest Helipot represent- 
ative for details on the BECKMAN 
line, AC and DC Voltmeters, 
Ammeters, Milliammeters, 
Microammeters or Expanded 
Scale Meters. 


Beckman Helipot’ 


POTS : MOTORS : METERS 
Helipot Division of 
Beckman Instruments, Inc. 
Fullerton, California 
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weight specifications, grade compar- 
ator chart, military specifications. Send 
name and title on company letterhead 
to Formica Corp., 4550 Spring Grove 
Ave., Cincinnati, Ohio. 


CIRCULAR SLIDE RULE 


Heavy coated-cardboard slide rule con- 
tains C and D scales for multiplication, 
division and finding proportions. Scale 
diameter is 88 mm. Send letterhead re- 
quest, stating title, to General Indus- 
trial Co., 1788J Montrose Ave., Chi- 
cago 13. 


INFRARED PHOTOCONDUCTORS 


Twelve-page Technical Bulletin 2 pro- 
vides a state-of-the-art report on lead 
sulfide infrared detectors and photo- 
conductors. Descriptions of detector 
types and many performance curves 
are included. Send letterhead request 
to Infrared Industries, Inc., P.O. Box 
42, Waltham 54, Mass. 


WAVEGUIDE COMPONENTS 


Over 750 waveguide devices and test 
equipment are described in 116-page 
catalog. Application notes, outline 
drawings, detailed electrical and me- 
chanical specifications included. Write 
on company letterhead to Microwave 
Associates, Inc., South Ave., Burling- 
ton, Mass. 


PHOTOSENSITIVE DEVICES 


Booklet CRPD-105B contains 36 pages 
of technical information on phototubes, 
photocells, image-coverter tubes, camera 
tubes, storage tubes, cathode-ray tubes 
and special-purpose kinescopes. JEDEC 
spectral energy-emission curves, per- 
sistence descriptions of phosphors, 
spectral response curves and dimen- 
sional outlines also included. Send 50 
cents to Commercial Engineering, RCA 
Electron Tube Division, Harrison, N.J. 


R-F TEST EQUIPMENT 


Sixty-page catalog on r-f test equip- 
ment contains descriptions and specifi- 
cations of equipment and accessories 
such as sweep generators, turret and 
toggle-switch r-f attenuators, r-f detect- 
ors, R-C oscillators and low-pass, band- 
pass, tunable r-f filters. Request on 
company letterhead from Telonic In- 
dustries, Inc., Beech Grove, Indiana. 


ANALOG COMPUTER 


Form 80-105-003, a 26-page report, de- 
scribes the “Dystac” analog computer 
which yields solutions with an accu- 
racy of +0.1 per cent. Mathematical 
applications are presented, supple- 
mented by wiring diagrams and equa- 
tions. Computer described has dynamic 
memory, for minimizing number of op- 
erational amplifiers required, and 60- 





GENERAL INDUSTRIES 


SMOOTH 
POWER 


AC MOTORS 


provide time-tested, 
proven dependability 
at lowest cost! 


Standard Line 

AC Induction 
Motors from 
1/1800 to 1/35 H.P. 


Two and four pole, 
shaded pole motors 
backed by over 40 
years of experience in 
producing millions of 
motors for large and 
small users throughout 
the world. 


General Industries’ mod- 
ern facilities and 
“Know-How” make it 
possible to offer a com- 
bination of quality and | See Qur Catalog in 


economy unexcelled IgGWEETS 
anywhere in the small 7a-Gen 


motor field. 
or write for copy 


Quantity Price Quotation 
On Request 


THE GENERAL INDUSTRIES co. 


DEPARTMENT GL ® ELYRIA, OHIO 
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cps repetitive operation. Copies of the 
report may be obtained by writing 
Computer Systems, Inc., Culver Rd., 
Monmouth Junction, N.J. 


THERMOSTAT NOMOGRAPH 


Acetate nomograph calculators help 
plot first sample size determinations of 
thermostat metals. Included with nomo- 
graphs are application data and Bulle- 
tin TRU-8A to show how to determine 
element size and performance size 
graphically. Send letterhead request 
to Texas Instruments, Inc., Metals & 
Controls Div., Attleboro, Mass. 


SOLENOID CATALOG 


A 20-page catalog describes Series D 
and ME miniature solenoids for mili- 
tary applications. Includes electrical 
and mechanical specifications, charac- 
teristic curves. Catalog also lists stand- 
ard transformers and coils. Copies are 
available by writing, on company let- 
terhead, to Anderson Controls, Inc., 
9959 Pacific Ave., Franklin Park, II. 


FLEXIBLE-SHAFT HANDBOOK 


Handbook, 89 pages, describes in detail 
the advantages of flexible shafts, their 
function and applications. Fundamental 
information on standard power-drive 
and remote-control shafts is presented 
in addition to charts, tables and draw- 
ings. Write, on company letterhead, to 
S. S. White Industrial Div., 10 E. 40 
St., New York 16. 


FERRITE MATERIALS 


A survey of ferrite materials is pre- 
sented in “Applied Magnetics,” Vol. 8, 
No. 1, a quarterly publication. Four 
main groups of ferrite materials are 
discussed and illustrated, including 
“soft” ferrites, “hard” ferrites (per- 
manent magnets) and ferrites used in 
memory products. An application chart 
summarizes the information both by 
usage and magnetic characteristics. For 
a copy, address a letterhead request to 
Department AM, Indiana General 
Corp., Valparaiso, Ind. 


COBALT ALLOYS 


A four-page data sheet on 13 new 
cobalt-base and nickel-base “superal- 
loys” lists physical and mechanical 
properties, corrosion resistance, ther- 
mal treatment, fabrication, available 
forms and applications. Another avail- 
able publication is “Thermal Shock and 
Thermal Fatigue of Cobalt Alloys and 
Cermets,” a 65-page compilation of ab- 
stracts and tables concerning cobalt 
alloys. Available upon request from 
Cobalt Information Center, c/o Bat- 
telle Memorial Institute, 505 King Ave., 
Columbus 1, Ohio. 

(Continued on page 204) 


MARCH 1961 





NEW SIZE 8 SERVOMOTOR 
RESPONDS 3-TIMES FASTER 
These fast response Size 8's have a 
whopping acceleration of 86,500 rad/ 
sec2,..and feature torque at stall of 
0.22 oz. in., rotor inertia, 0.18 gm. cm.2. 
That’s at least three times faster 
than any other Size 8’s available. 

The entire seckman® Size 8 line 
available in standard models for 26- 
volt or 115-volt sources —Servo- 
motors, Inertia-Damps, Velocity 
Damps, or Servomotor Rate-Gener- 
ators (special models available for 
other voltages). For the servosys- 
tems man working with 115-volt 
reference supplies, this can mean 
an end to accessory gear that so 
often compounds reliability and cost 
problems. 

At the Breadboard stage? Several 
BECKMAN® Size 8 and Size 11 Servo- 
motors are available from stock for 
immediate delivery in prototype 
quantities. Check with your Helipot 
rep, write us for the list of stock 
Servomotors and for the Size 8 and 
11 Catalog. 
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connections 
with 


eer 
SIRS Li 


Precision Hermetic Seals 


a complete line of compression and Kovar 


single pin seals and multi-pin headers 


Complete facilities include ultra-sonic impact 
grinder to cut glass beads; auto-loader to charge 


Mechanical 
strength 


metal shells; belt fed, controlled atmosphere fur- 
naces for volume production. 


Truly objective quality control, engineered and 
implemented by independent consulting firm. 


Specialists in engineering to specification. Day- 
by-day challenge of non-standard units give DAGE 


Precision engineers a 


experience .. 


tremendous background of technical 
. yours for a letter or phone call. 


Write or call for Catalog 1259 and name of your 


Quality 
TL 


va (IE Tray 
Peo 
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DAGE representative... 
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NEW! 


Improved electrical contacts 


at drastically lowered cost! 


GIBSON 


CONTACT METAL 


ZONE OF ATOMIC 


INTEGRATION 
RIVET BODY 


SP 


FACING A new process provides solid bonding 
STYLES by atomic integration of contact face 
metal and the rivet body, with supe- 
rior electrical and mechanical bond. 
It permits substantial economy of 
precious metal by limiting its area 
and thickness to actual electrical and 
mechanical requirements of the con- 
tact, and ranges from a thin, centered 
elipse to complete envelopment of the 
rivet head. The entire rivet may be 
silver-plated at no extra cost. 

de in flat, radius, full crown or 
conical face of either precious or semi- 
precious, metals. Shanks may be solid, 
indented or tubular; of copper, steel 
or other base metals. 


ATOMICLAD* 


CONTACT RIVETS 
PLUS VALUES 


© Contact facing is bonded directly and 
is integral with the rivet body without 
any contaminating layer of brazing 
material or flux. 

© Better electrical, mechanical and ther- 
mal capacities. 

© Surfaces are work-hardened through 
elimination of the annealing effect of 
brazing heat. 

© Contact facing thickest where wear is 
greatest. 

© Reduced bounce and chatter because of 
lower elasticity of copper body. 

© Lighter weight an assist in delicate 
assemblies. 


* ATOMICLAD—Trademark Gibson Electric Company 


GIBSON ELECTRIC SALES CORP. 


BOX 590, DELMONT, PA. 


BOSTON CHARLOTTE 
DETROIT LOS ANGELES NEW YORK 
ROCHESTER ST. LOUIS SAN FRANCISCO 


CHICAGO 


CLEVELAND DAYTON 
ae tb et) 2 eel 


PITTSBURGH 
SEATTLE 
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| There are also drawings and specifica- 
| tions of manufacturer’s products. Air- 
| mover Dept., IMC Magnetics Corp., 
| 570 Main St., Westbury, L. L., N. Y. 











TRANSISTOR SWITCHING 


Application Lab Report 673 is a 16- 
page discussion of high-speed micro- 
energy switching. Charts, design 
parameters, references and_ general 
theory presentation are included. Copy 
available upon letterhead request to 
Philco Corp., Lansdale Div., Lansdale, 
Pa. 


SPECIAL SYNTHETIC FLUIDS 


Fluid Data File offers information on 
radiation and heat-resistant fluids; also 
coolant-dielectrics for electronic equip- 
ment. Monsanto Chemical Co., Organic 


Chemicals Div., St. Louis 66, Mo. 


| FANS AND BLOWERS 


Condensed eight-page catalog, “Blow- 


| ers, Fans & Vaneaxials,” contains tech- 


nical data relating to selection and 
cooling devices. 


| BEAM-SWITCHING TUBE 
| Theory of operation, interesting cir- 


cuit-design information and applica- 
tions are presented in comprehensive 
Brochure BX535, 23 pages, on internal- 
magnet “Beam-X” electron-tube. Deci- 
mal-switching device characteristics 
and typical operating conditions are 
presented in tabular form. Send letter- 
head request to Burroughs Corp., 
Electronic Tube Div., Plainfield, N. J. 


SERVOMOTOR DATA 


Data file, prepared to facilitate selec- 
tion of components for critical servo- 
system applications, gives electrical, 
mechanical, performance and other 
data on a range of standard and 
Bureau-of-Ordnance types. Sheets de- 
scribe Size 11, 15 and 18 motors avail- 
able; also data on modified and special 
designs. File will be augmented by 
additional sheets as new motor types 
become available. Copies available 
upon letterhead request to Applica- 
tion Engineering Dept., Rotating Com- 
ponents, Inc., 267 Green St., Brooklyn 
22, i. ¥. 


MINIATURE CONNECTOR CATALOG 


The 44-page, comprehensive Catalog 
20-1060 describes rectangular plug and 
socket connectors designated Series 20. 
Connectors offer a variety of contact 
sizes from 4 to 104 with solder cup, 
turret and taper-pin solderless termi- 
nations. Complete electrical and me- 
chanical specifications, dimensional 
drawings and ordering information are 
included. Write on company letterhead 
to Electronic Sales Dept., DeJur-Amsco 
Corp., 45-01 Northern Blvd., Long Is- 
land City 1, N. Y. 


ELECTRO-TECHNOLOGY 





SPECIFY 
Bee 
MOTORS 
FOR QUALITY, 
RUGGED 
DESIGN, 
LONG LIFE 


INDUSTRY STANDARD 


L£EcE-NEVILLE now offers you a complete line of shaded pole and 
permanent split capacitor motors—basic units adapted to your speci- 
fications, or special motors custom engineered to your requirements 
—with horsepower ratings from 1/150 to 1/2 hp. All L-N motors are 
capable of meeting U.L. and C.S.A. application tests. Leece-Neville 
has more than 50 years of experience manufacturing motors and other 
electrical equipment, and modern facilities assure not only top 
quality, but also delivery to your schedules and lead times. For full 
information, just mail the coupon at right. 
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The Leece-Neville Company, Dept. ET-3 
Georgia Division, Gainesville, Georgia 


Please forward details on your shaded 
pole and permanent split capacitor 
motors. 
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New COMPONENTS and MATERIALS 


A staff compilation of the latest developments . . . screened for design-in use 


in electrically operated end products . . 


tions and available application data. 


DEPOSITED-FILM 
POTENTIOMETERS 


Precision units, for use where small 
increments of shaft rotation must pro- 
duce proportional changes in resistance, 
provide resolution of over 0.01 per cent. 


" & 
Fine granular metallic-film element 
capable of very small resistance 
changes. Mechatrol Div. of Servome- 
chanisms, Inc., 1200 Prospect Ave., 


Westbury, L.I., N.Y. 
Circle 501 on Inquiry Card 


V2-WATT POTENTIOMETER 


Model D potentiometer, for use in 
printed-circuit boards and encapsula- 
tion networks, has base housing com- 
pression-molded under heat to elimi- 


Sil» 


nate entrance of moisture. Molded car- 
bon brush assures rotational life of 
100,000 cycles and ability to sustain 
heat overloads of 500 F without dam- 
age. Resistance ranges between 100 
ohms and 5 megohms. Voltage rating 
is 350 volts, temperature range is —55 
to +120 C. Unit meets MIL-R-94B. 
Reon Resistor Corp., Yonkers, N. Y. 
Circle 502 on Inquiry Card 


SURGE CONTROL 


Model 20-100 Surgitron is a plug-in 
device for controlling “turn-on” surge 


currents. Consists of wirewound resistor 
in ceramic body with high-temperature 
contacts. Designed for equipment draw- 
ing 100-300 watts, 117 volts a-c or d-c. 
Wuerth Surgitron Div., Hollywood Tele- 
vision Co., 1949 Moffett St., Hollywood, 
Fla. 

Circle 503 on Inquiry Card 


CERAMIC HEATERS 


Heaters are for spot-heat applications 
which require a cartridge-type unit 
without the wattage density or rugged- 


ness of standard cartridge heaters. Con- 
struction of the core, including coils 
and terminals, is similar to that of 
standard cartridge units. Vulcan Elec- 
tric Co., 88 Holten St., Danvers, Mass. 

Circle 504 on Inquiry Card 


CERAMIC-JACKETED 
RESISTORS 


Wirewound resistors have insulated 
leads issuing from one end of com- 


ponent to provide insulation with no 
exposed terminals. Resistance values 
range from 1 to 25,000 ohms, depend- 
ing on wattage ratings. Can be mounted 
horizontally or perpendicular to chas- 
sis. Series ranges from 5 to 25 watts, 
encompasses MIL-R-26C Styles RW55 
and RW56. Ohmite Manufacturing Co., 
3625 Howard St., Skokie, Ill. 


Circle 505 on Inquiry Card 


. complete with all released specifica- 


VARIABLE-CAPACITOR 
SILICON DIODE 


Type 1N3182 subminiature capacitor 
diode for automatic frequency control 
applications in television and FM tuners 
features high Q (60 typical). Variation 
of capacitance with bias insures ex- 
treme sensitivity for strong oscillator 
pull-in. Maximum series resistance, 3 
ohms. Average capacitance, 30 pf, with 
inverse voltage of 4 volts. Amperex 
Electronic Corp., Semiconductor and 
Special-Purpose Tube Div., 230 Duffy 
Ave., Hicksville, L.I., N.Y. 

Circle 506 on Inquiry Card 


MINIATURE CERAMIC 
CAPACITOR 


Maximum size of capacitor is 0.1 in. 
square x 0.05 in. thick, with a rating 
of 30 working volts d-c. Capacitance 
values, 10 to 220 pf, with maximum 


capacitance change of +10 per cent 
over temperature range of —55 to +85 
C. Meets MIL-C-11015B. Gulton Indus- 
tries, Inc., 212 Durham Ave., Metu- 
chen, N. J. 

Circle 507 on Inquiry Card 


HARD-GLASS, CARBON-FILM 
RESISTORS 


Type CG 14-watt hermetically-sealed 
hard-glass carbon-film resistors provide 
twice the wattage rating of MIL speci- 
fications, such as MIL-R-10509C, for 
the same size package. Rapid cycling 
between ice water and molten solder 
is one of tests performed on units to 


ELECTRO-TECHNOLOGY 





your delivery date... 
the requirements of Mil E-4970%. .. 


Luxolene Molded 


Luxolene epoxy molded coils, manufactured on 
production basis, meet the requirements of Mil 
E-4970* and are engineered especially for appli- 
cations involving sand, fungus, high and low tem- 
perature, humidity, vibration, shock, salt spray, 
sunshine or dust. 


Luxolene coil windings are completely encased in 
thermosetting epoxy resin by incorporating a core 
tube of the same material as is used in the en- 
capsulating process. Luxolene Epoxy resin is ap- 


Coils meet both! 


proved by Underwriters Laboratories as a Class B 
(130°) insulating material. Available in colors— 
black, green, blue, yellow, orange and red. 
From design to delivery, Deluxe engineers work 
with you. Capacity for volume production, with 
highest degree of accuracy, assures your meeting 
delivery schedules on any product from washing 
machines to missiles. 

For specific information write to Deluxe Coils, Inc., 
P.O. Box 454 or phone Wabash 1720. 


*Certified by American Laboratories Report No. 9-3612-CH. 


COILS, INC. wasasi, inoiana 
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Ruggedized Components for 
All Types of Commercial and 
Military Applications 
“Gray Line” precision-built com- 
ponents feature special H-H de- 
sign and construction advantages 
that assure the engineer/de- 
signer maximum dependability 
in the most severe environments. 
Standard types are available to 
meet a wide range of electrical 
and mechanical requirements; 
“specials” can be custom de- 
signed for unusual applications. 


“GRAY LINE” RHEOSTATS 


Standard 
) types from 
“GRAY LINE” RESISTORS 


to 1000 


watts. MIL 
® Wide Range of Fixed Resistors 


customs 
© Flat and Stack Mounting Power Resistors 


to ‘specs.’ 


© Axial-lead Types from 2 to 10 Watts 


—— 


® Adjustable Resistors from 10 to 200 Watts 


“Gray Line’... Stocked 
by Authorized H-H 
Distributors Nationwide! 


HARDWIC 
HINDLE-INC 


40 Hermon Street 
Newark 5, New Jersey 


The Mark of Quality since 1924 


Circle 209 on Inquiry Card 


|check thermal shock resistance. Glass 
case sealed to core end caps, does not 
|touch leads. Texas Instruments, Inc., 
| P.O. Box 312, Dallas 21. 

Circle 508 on Inquiry Card 


SELENIUM SURGE 
SUPPRESSOR 


Surge suppressor protects silicon diodes 
against burnout from voltage transients. 
Displays good reverse characteristics 


for dissipating energy found in transient 
voltages. Allows size reduction of sili- 
con diodes to about 30 per cent above 
piv rated size. Illustration shows surge 
suppressor shunted across silicon diode. 
Semiconductor Div., Syntron Co., 
Homer City, Pa. 

Circle 509 on Inquiry Card 





LOW-INDUCTANCE 
CAPACITOR 
Capacitor 50E104, 1.0 yf, 50 kv rating, 
internal inductance of 15 nanohenry 
and ringing frequency of 1.3 mc. De- 
signed for 100 per cent voltage reversal 
at 50 kv and life of 10,000 shots, mini- 
mum. Features multi-high voltage studs 
which allow use of multiple gaps or 
transmission lines for low external in- 
ductance. Axel Electronics, Inc., 134-20 
Jamaica Ave., Jamaica, N. Y. 

Circle 510 on Inquiry Card 


HIGH-VOLTAGE 
SELENIUM RECTIFIER 


“Minisel” rectifiers contain cells of only 
0.019 in. thickness. High-density selen- 
ium material results in smaller diameter 


ee TT 


a 


cartridge for any given current rating. 
Cells operate at plate temperature up 
to 90 C. Supplied in piv values of 50 
to 20,000 volts, for current-output re- 
quirements up to 50 ma d-c. Unit (top) 
shown with standard rectifier (bottom) 
in illustration. Electronic Devices, Inc., 


50 Webster Ave., New Rochelle, N.Y. 
Circle 511 on Inquiry Card 


SUBMINIATURE CAPACITORS 


Hermetically sealed ceramic capacitors 
are for printed-circuit board use in 
commercial, industrial and military ap- 


plications. Operating range is +20% at 
100 volts d-c from —55 to +125 C. 
Capacitor values range from 0.001 to 
1.0 pf. Sizes vary from 0.300 x 0.125 x 
0.150 in. to 0.680 x 0.500 x 0.500 in. 
Statnetics Corp., 5121 Weeks Ave., San 
Diego 10, Calif. 

Circle 512 on Inquiry Card 


MINIATURE ELECTROLYTIC 
CAPACITORS 


Plastic-case tubular capacitors, Type 
BMT, vary from 3/16 to 5% in. diam. 
Capacity ranges from 1 to 2000 sf; 


voltage rating from 3 to 50 volts. Oper- 


ating temperature range is —30 to 
+65 C. Units have low impedance at 
—30 C and low leakage throughout 
temperature range. Illinois Condenser 
Co., 1616 No. Throop St., Chicago 22. 

Circle 513 on Inquiry Card 


ENCAPSULATED RC CIRCUITS 


Series PMR 2022 units offer capaci- 


ELECTRO-TECHNOLOGY 





ns a ee en a ae hg Coa i en 


NY] (es Series EN and ER 
Commercial 
ELAPSED TIME 
INDICATOR 


Ideal for use on machine tools and other industrial or com- 
mercial machines and equipment where an accurate record of 
operating time is required — for efficient preventive maintenance 
procedures, for rental-basis operation, or for substantiation of 
manufacturers’ guarantees. High-styled face registers hours and 
tenths and minutes and tenths up to 99,999.9 in big, easy-to-see 
figures on a direct-reading dial . . . and offers you highest quality 
and reliability, compactness and light weight at a lower price 
than comparable units. Available in resettable and non-resettable 
models with 314” round bezel or 3” x 3” square bezel. Designed 


See 
, a mn 


for operation at 120 or 240 vac, 50 or 60 cps. Low input: 5.0 
watts at 60 cps, 3.4 watts at 50 cps. Write today for complete 
information and engineering data: Haydon Division of General 


Time Corporation, 2527 East Elm Street, Torrington, Conn. 


DIVISION OF GENERAL 
TIME CORPORATION 


TIMING MOTORS 2527 EAST ELM STREET 
TIME AND TORQUE CONTROLS TORRINGTON, CONNECTICUT 


Circle 210 on Inquiry Card 





New round end General Electric 
slow lamps for better viewing 
...and better looking indicators! 


Viewing Angie wider Viewing Angle 
eS hy 


New 
Formed Rounded 
Tip End 


| 
| 
i 
l 
as 


New shape of the Round End Glow Lamp brings its electrodes nearer to the 
end of the bulb—giving it a much wider viewing angle when flush mounted 
(see illustration above). And if the Round End Glow Lamp is placed beneath 
translucent material, the lighted area has a more uniform appearance. 
The rounded end of clear-glass gives a distortion-free light when viewed 
end-on from any angle. Because of its smooth round end, this lamp can be 
used as a protruding element, thus improving 
the appearance of the panel. 
New General Electric NE-2M (for standard 
brightness) and NE-2P (for high brightness) 
Glow Lamps are more thoroughly described in the engineering data sheet, 
#3-9289. For your free copy, write: General Electric Company, Miniature 
Lamp Department M-112, Nela Park, Cleveland 12, Ohio. 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 


Circle 211 on Inquiry Card 





tances of 0.5, 0.6 and 1.0 wf; resistance 
values range from 22 to 220 ohms. Max 
voltage is 300 volts d-c; max current is 
3 amp; operating temperature range is 
-40 to +85 C. Presin Co., 2014 Bdwy., 

Santa Monica, Calif. 
Circle 514 on Inquiry Card 


SOLID-STATE TIMER 


Model MT 1103 timer offers instant 
reset with repeat accuracies of 3 per 
cent under voltage and temperature 


variations. Time adjustment is either 
integral or remote. Time delay may be 
varied over a range of 1% to 100 sec. 
Units have SPDT or DPDT 3-amp re- 
sistive contacts; operation is from 18 
to 32 volts d-c. Syracuse Electronic 
Corp., P.O. Box 566, Syracuse 1, N.Y. 

Circle 515 on Inquiry Card 


PLUNGER-TYPE 
MERCURY RELAY 


Series W-20-3, normally open relay, 
contains one moving part and provides 
operations with speeds up to 100 makes 


or breaks per min at rated load. Her- 
metically sealed contacts rated 30 amps, 
120 volts. Coils are interchangeable for 
24, 120, 240, and 440 volts a-c. Unit 
measures 2%. x 254 x 23% in. The 
Mercoid Corp., 4201 Belmont Ave., Chi- 
cago 41. 
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TOTALLY-ENCLOSED RELAY 

Relay Type P provides a total of eight 
normally open and eight normally 
closed contacts. Each pole consists of 
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Conventional 
film-coated 
magnet wire 


te 


EXTRAORDINARY CUT-THRU RESISTANCE! 


Unretouched photo of #18 gauge wires which had been subjected 
to the constant temperature (250°C.) increasing pressure cut- 
through test. A 60 pound weight which deformed the conductor 
did not rupture the film on Allex. 


New 

technical report 
proves why 
all-purpose 


ESSEX ALLE 


Complete technical report 
now available. Write for your 
copy today. 

Contains full information on 
application and on electrical, 
physical, chemical and thermal 
properties. 


\\ MAGNET WIRE DIVISION 


Is a major 
advancement 
in magnet wire 


You can do more with Allex, the new all-purpose 
magnet wire with the greater safety factor. 
Film-coated and rated at 220°C, Allex is a magnet wire 
enameled with DuPont ML resin.* This major 
advancement should permit further product 
miniaturization, and provides an entry into new 


frontiers of elevated temperature design. 


x= I duPont De Nemours & Co. — Type ML Resin. 


ESSEX WIRE CORPORATION 
Fort Wayne, Indiana 
National Network of Warehouses and Sales Offices ... Call Your Local ‘‘Essex Man." 
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OMAL is your best source for 


RELAYS 


SOLENOIDS 


helays 


A full staff of trained relay engi- 
neers... huge, modern facilities 
geared to meet today’s cost- 
reducing production require- 
ments and faster delivery sched- 
ules, are available to you at 


Comar. Efficient quality control 
system together with visual and 


mechanical inspection insures 
absolute uniformity and better 
relay performance. Whatever 


your relay problems may be, ' 


Comar engineers are at your 
service. Send details and we will 
submit our recommendations 
quickly . . . without obligation. 
Ask for new Comar catalog illus- 
trating many standard basic de- 
signs. Write today! 


Omar 


ectric 


3349 ADDISON ST., CHICAGO 18, ILLINOIS 


SWITCHES 


Circle 213 on Inquiry Cerd 








HERMETIC SEALING 


snap switch with double-break, double- 
throw contacts. Contact mechanism is 
totally enclosed, suitable for dusty or 
dirty locations. Non-inductive contact 
rating is 10 amp. Square D Co., Dept. 
SA, 4041 No. Richards St., Milwaukee 
12, Wis. 

Circle 517 on Inquiry Card 


TIME-DELAY RELAY 


Series MP-446 relay employs solid- 
state RC time-constant networks to ob- 
tain delay ranging from 5 millisec to 
120 sec. Contact arrangements to 


4PDT; rated to 10 amp resistive. Pull- 
in voltage is 18 volts d-c max. Operating 
temperature range is —55 to + 70 C. 
Withstands vibration to 500 cps, 10 g; 
30 g shock. Land-Air, Inc., Stepper 
Motors Div., 16226 So. Broadway, 
Gardena, Calif. 

Circle 518 on Inquiry Card 


SOLID-STATE 
WAVEGUIDE SWITCH 


Model SWB115A, with a range of 8.2 
to 10 kmc, will handle up to 1 watt r-f 


power with 30 ywatt switching power. 
Available in SPST or SPDT configura- 
tions, it is designed for UG 39/U input 
and output. Easy crystal replacement 
in field. AEL, Inc., 121 No. 7 St., Phila- 
delphia. 


Circle 519 on Inquiry Card 
(Continued on page 214) 
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Reuland motor-and-magnetic-brake package 


...complete from one dependable source! 


Reuland manufactures its own magnetic brakes, as well as electric motors, and 


offers the most versatile selection of tailored-to-your-equipment brakemotor .. 
packages available anywhere. Reuland’s many hundreds of combinations of * 


H.P., speed, special drive motors and brake sizes, provide an almost unlimited 
coverage of O.E.M. and user requirements! 

So, whatever your brakemotor needs may be, standard or special, let Reuland 
supply the complete answer in one, compact, smartly-designed power package. 
One source of supply for brake and motor saves time for your Engineering and 
Purchasing Departments.... one nameplate establishes dependable, nationwide 
service responsibility! 


Refer to Sweet's Product Design, Section 5-a 


MODERN POWER FOR MODERN-DAY PRODUCTS 


...-all in lightweight, cool-running aluminum frames! 


BRAKES AVAILABLE IN ALL 
3 MOUNTINGS... FULFILLS 
J.1.C. SPECIFICATIONS! 

. Direct endbell type for 
mounting over motor’s shaft. 

. Foot mounted, for mounting 
over existing shaft. 

. Foot mounted—complete with 
own bearings and shaft. 
Automatic Lining Wear 
Adjustment 
Manual Release— 

Automatic Reset 

Mount in any position 

No Levers or Linkage 
One-Piece Housing 

One-Half Conventional Length 
Wide Range of Ratings 


Our new 8-page catalog, No. GS8-30-0, will 
come in handy. Sent complete with prices 
and engineering drawings on request. 


REULAND ELECTRIC COMPANY 


WESTERN DIVISION: Alhambra, Calif. 
EASTERN DIVISION: Howell, Mich. 
® Distributors in all principal cities 
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Thousands? Tens of thousands would be more like it. The point 
is this: if Douglas had used conventional methods of extracting 
those square roots, the DC-8 would probably have been longer 
getting off the ground. Why? Because ordinary square root methods 
are a man-hour bottleneck and a troublesome source of errors. 


How does Douglas get its square roots? With the Friden SRW... 
the only desk calculator in the world that automatically extracts 
square roots at the touch of a key. Douglas has 54 SRW’s. And 
would hate to have to do without them. 


You might not need 54 machines, but it’s a rare engineering depart- 
ment that couldn’t profit by the addition of at least one of these 
versatile engineering calculators. Ask your local Friden Man to 
show you what it can do. Or write: Friden, Inc., San Leandro, Calif. 


THIS IS PRACTIMATION: automation so hand-in-hand with 
practicality there can be no other word for it. © 1961 rmoen, we. 


I | 
Sales, Service and Instruction Throughout the U.S. and World [l ei 
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DOOR INTERLOCK SWITCHES 


Series of switches features a main- 
tained-contact actuator position for 
checking hazardous electrical equip- 
ment. Interlocks automatically cut 


: 


ee 
_aere 


power to electrical components when 


| service door is opened. Units have high- 


strength thermoplastic actuating rods 
which are self-lubricating. Switches are 
rated for 10 amp at 125 or 250 volts 
a-c, Y% amp at 125 volts d-c, and 4 
amp at 250 volts d-c. Travel is 0.250 in. 
on push, 0.187 on pull. Minneapolis- 
Honeywell Regulator Co., Freeport, Ill. 
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COMMUTATING SWITCHES 


Line of commutating, programming and 
sampling switches employs rhodium- 
plated contact surfaces which are 
bonded to dielectrics such as glass 


epoxy, paper epoxy or synthetic mica. 
Units can be motor driven at speeds to 
3600 rpm, or coupled to stepping mo- 
tors, timing motors or manual drives. 
Rotary Devices Corp., 40 Jay St., 
Englewood, N.J. 

Circle 521 on Inquiry Card 


PARAMETRIC AMPLIFIERS 


Line of broadband amplifiers for appli- 
cations at L, S, C, and X bands. S-band 
model gives bandwidths to 75 me at 15 
db gain. Wide bandwidth achieved by 
double tuning of amplifier idler circuits. 
Noise is 3 db over frequency range of 
2.8 to 2.96 kmc. Gain variation is less 
than 3 db over temperature range of 
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IMPAC 


When a light comes on...or changes color... it 
immediately draws attention. Then add operator reaction... 
‘hit that light when it turns red!’’. These are basic elements of 
today’s sophisticated control panels. 


Attention and reaction are built into all Control Switch lighted 
pushbutton switches. Round or rectangular buttons that light up 
in one, two, three or four colors, with monitor and control 

of up to four circuits. 


For monitoring only, Control Switch indicator lights are 
available in hundreds of sizes, shapes, colors and circuits. 


Write today for technical data on the industry’s most versatile 
and complete line of lighted switches and indicator lights. If 
you have an unusual panel problem, let us solve it 

with a custom design. 


CONTROLS COMPANY 3 OF AMERICA 
CONTROL SWITCH DIVISION 


1410 Deimar Drive * Folcroft, Pennsylvania 
TELEPHONE LUGdiow 3-2100 - TWX SHRN-H-S02 


VISIT I.R.E. SHOW—MAR. 20-23, 1961 
BOOTHS 1727-1731 
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VT 
CUSTOM TRANSFORMER 
BU UUM A Mat) 


...Saturable 
reactor 
packaged 
power 
control 


TYPICAL UNIT 


OUTPUT 


220 volts, 40 volts—500 amps 


1 to 20 KVA 
60 cps 18 control range 


Ideal for electric furnace control. 

Saturable reactor and power transformer are packaged with meters and man- 
ual control. Unit is also available for use with standard pre-amp for auto- 
matic control. Manual control panel may also be remotely mounted. 

Other sizes available up to 100 KVA. 


For quotations on this and other custom designs, 
specify output voltage range, maximum current re- 

y Quired, space requirements (if any), input voltage and 
frequency available. 


Light Electric Corp. 


218 Lackawanna Avenue, Newark 4, New Jersey 
Telephone: HU 5-4110 


PLATE TRANSFORMERS 
dry or oil immersed 
1 to 250 KVA 
rectified outputs to 
75 KV DC 
50, 60, or 400 cps 


UNITIZED RECTIFIERS 
oil immersed to 100 KVA 
rectified outputs to 
75 KV DC 


UNITIZED CONTROLLED POWER 
SOURCES 
saturable reactor or 
amplistat contro! 5 to 30 KVA 


unit high voltage test sets 

| 

| 

| 

| 

| 
capacities to 100 KVA saturable reactors 

| 

| 

| 

| 

| 


reduced corona 
transformers for 
corona testing 


MISCELLANEOUS 
audio output transformers 


FILAMENT TRANSFORMERS 5 cps to 10 ke 


low capacitance 
high reactance 


multiple coil AC or DC outputs for furnace 1 to 100 KVA 


or plating applications amplistat for control of 
rectifier output 
LABORATORY EQUIPMENT current limiting reactors 
high voltage testing tapped furnace or 
transformers annealing transformers 


CHOKES 
filter 
charging 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
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—40 to +50 C. Unit meets vibration 
requirements of MIL-E-5400 D. Texas 
Instruments, Inc., 6000 Lemmon Ave., 
Dallas 9, Texas. 

Circle 522 on Inquiry Card 


ELECTRIC OVEN CONTROL 


Model RA thermostat for domestic 
ovens provides variable bake zone from 
140 to 500 F, with automatic fast pre- 
heat feature (both bake and broil ele- 


ments come on). Another feature is 
variable broil between 375 and 530 F. 
Designed for tubular heating elements. 
Rated 120-240 volts a-c at 15 amp, each 
circuit. Differential approximately 2 
deg F at bulb in oil. Robertshaw-Fulton 
Controls Co., 911 E. Broad St., Rich- 
mond 19, Va. 

Circle 523 on Inquiry Card 


SOLID-STATE INVERTER 

D-C to a-c Varia-Verter drives 100 va 
when used with power amplifier. Out- 
put is protected against short circuits, 
is frequency and voltage regulated. 


Unit functions as 100-va unregulated 
d-c to a-c 400-cps square-wave inverter 
or a 1 per cent regulated, 28-volt, 5-amp 
power supply. Units potted for extreme 
shock and vibration tolerance. Victory 
Electronics, Inc., 50 Bond St., West- 
bury, N. Y. 

Circle 524 on Inquiry Card 


SOLID-STATE PHOTOELECTRIC 
CONTROLLER 


Photoelectric Controller PE-601 consists 
of transistor amplifier and power sup- 
ply packaged in a 2x2x 1% in. plug- 
in unit, and a light and cell each con- 
tained in 2x1%4x% in. aluminum 
housings. Input power, 3 watts at 150 
volts, a-c, 50-60 cps; sensing range, less 
than 1 in. to 8 ft; minimum life, 60,000 

(Continued on page 219) 
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Quality Appearance 
Quality Operation 


Specify Allen-Bradley’s line of OILTIGHT CONTROL STATIONS 


Allen-Bradley oiltight units and stations harmo- 
nize with the trim lines of modern machine tools 
—they look as if they were a part of the machine. 
Also, from the wide selection of control units, 
you'll be able to satisfy every operating require- 


+ yn 
§ 
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Locking Type 
“Start” Button 


Illuminated 
Push Buttons 
with optional 

guard ring 


Standard 
Selector Switch 


Selector 
Push Button 


ment. A-B control units are positively oiltight— 
impossible for oils and cutting fluids to foul the 
contacts. And the silver contacts assure reliable 
operation. The rugged construction and generous 
wiring room of all A-B stations are valued by the 
installation engineer. Insist on Allen-Bradley 
pilot control units and stations— you can’t make 
a mistake! Send for Publication 6090. 


FLUSH HEAD WING LEVER 


push button, also 
made with extended 
head. 


4-WAY SELECTOR 
SWITCH 


Also furnished for 
2-way operation. 


PILOT LIGHT 
CLUSTER 
Four lights of 
different colors 
in one unit. 


PUSH BUTTON 


Combines push 
button and selector 
switch, 


PILOT LIGHT 


Transformer or 
full voltage types. 


SELECTOR 
SWITCH 
With coin slot 


operator. Other 
Operators available. 


PUSH-TO-TEST 
PILOT LIGHT 


Six different color 
lenses available. 


DOUBLE CIRCUIT 


Has 2 N.O. or 2 N.C. 
sets of contacts. 


@ 


CONVENIENCE 
RECEPTACLE 
For plugging in 

work light or 
small tools. 


Mushroom Head 
“Stop” Button 
SPECIAL CONTROL CONSOLES 
can be furnished to meet your 
exact operating requirements. 


SIX-UNIT CONTROL STATION 


in die cast aluminum housing. 
Also made with up to 4 verti- 
cal rows with 4 units per row. 


ALLEN -BRADLEY 


Du eae ae 


reyty aha 
MOTOR 
CONTROL 
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~ Motor Starting 


is Necessary. .. 


No matter what your reason for reduced voltage 

~ motor starting may be, Allen-Bradley has the right 
starter. Not only can the power company’s 
requirements be satisfied exactly, but the A-B 
starter will at the same time provide the best possible 
starting conditions for the motor and the driven 
load. At least one of the starters described below 
will completely satisfy your operating requirements. 
For more detailed information, send for 


BULLETIN 640 


AUTOMATIC 
MULTIPOINT 
RESISTANCE 
starter for use on 
network systems. 
Resistors inserted 
at starting are cut 
out in definite 
steps. Time inter- 
vals adjustable to 
provide velvet 
smooth starting. 


Publication 6088. 


MANUAL 
STEPLESS 
RESISTANCE 
starter has graph- 
ite compression 
disc resistors for 
velvet smooth 
starting of squirrel 
cage motors. 
Starting of the mo- 
tor is under the 
complete control 
of the operator. 


BULLETIN 740 


AUTOMATIC 
STEPLESS 
RESISTANCE 
starter is not 
equalled for velvet 
smooth motor ac- 
celeration. It will 
satisfy any power 
company require- 
ment. Eliminates 
lamp flicker on net- 
works used for 
power and lighting. 












AUTOMATIC 
RESISTANCE 
starter has graph- 
ite resistors auto- 
matically inserted 
in series with the 
squirrel cage mo- 
tor at starting. 
Resistors can eas- 
ily be adjusted to 
motor and load 
conditions, giving 
velvet smooth 
acceleration. 


BULLETIN 646 


AUTOMATIC 

PART WINDING 
starter for use with 
squirrel cage mo- 
tors having two 
separate parallel 
windings. Madein 
two-step type, and 
three-step type 
with resistance 
connected in the 
line on the first step. 


MANUAL AUTO- 
TRANSFORMER 

starter for use 
where load condi- 
tions or power 
company rules re- 
quire reduced volt- 
age starting. The 
air break starter 
shown has double 
break, silver alloy 
contacts. 


BULLETIN 741 BULLETIN 742 


ALLEN -BRADLEY 


Member of NEMA 


Allen-Bradley Co., 1316 S. Second St., Milwaukee 4, Wis. 
In Canada: Allen-Bradley Canada Ltd., Galt, Ont. 


BULLETIN 736 


QUALITY 
MOTOR 
CONTROL 








hr min; counting rate to 2000/min. 
DPDT output relay has 5-amp contact 
rating. Syracuse Electronics Corp., P.O. 
Box 566, Syracuse 1, N. Y. 

Circle 525 on Inquiry Card 


ELECTRODE-TYPE 
LEVEL CONTROL 


Distilled or deionized water completes 
the 15 wamp circuit through the probes 
of this solid-state level control. Features 
include single-point control or dif- 
ferential-level control with probes at 


a 


different levels; sensitivity adjustment 
for liquids of various conductivity; 
thermistor compensation to cancel ef- 
fects of rising ambients; weather-tight 
control. SPDT relay handles 15-amp 
loads, may be remotely located. Preci- 
sion Thermometer & Instrument Co., 
1434 Brandywine St., Philadelphia 30. 

Circle 526 on Inquiry Card 


TRANSISTOR-CONTROLLED 
MAGNETIC AMPLIFIERS 


MAT Series magnetic amplifiers con- 
trolled by transistors are hermetically 
sealed, magnetically shielded and meet 
MIL-T-27A and MIL-E-5400 specifica- 


at 


7100 
Bip (MA) 
loc,~'!pe, 
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VARGLAS ‘Silicone Rubber 
SLEEVING 


Varglas Silicone Rubber Sleeving with its space-saving 
thin wall construction and precision ID, is the answer for 
insulation in the trend toward miniaturization. 


The ultimate in flexibility and dielectric strength, Varglas 
retains its protective properties over a wide temperature 
range, from minus 70° to plus 400°F. Tough and abrasion- 
resistant, this supported silicone rubber sleeving resists de- 
terioration and “cut through”; will not crack or craze. Di- 
electric protection provided up to 8,000 volts and certified 
to meet government specification MIL-I-18057A. 


Available in brilliant, non-fading colors for instant, easy 
color-coding in a complete range of sizes from .010” to 3” 
ID, and obtainable in coils or on spools as well as in in- 
dividual 36” lengths. Deliveries made promptly off-the-shelf 
or produced on order within one week. 


Let Varflex engineers work with you in developing special 
types of sleeving and tubing to meet your particular speci- 
fications. No obligation. 


© WRITE FOR FREE FOLDER Containing Test Samples | 


| Makers of Electrical Insulating Tubing and Sleeving 


VARFLEX SALES CO., Inc. ¢ 


, Never Satisfied Until You Are 
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309 N. Jay St., Rome, N. Y. 


ARCING 


SUPPRESSED AT LOW COST WITH 
ITT SEMICONDUCTOR CONTACT PROTECTORS 


Specifically developed by ITT for arc suppression in 
switched circuits with inductive loads, these low-cost semi- 
conductor devices can reduce contact erosion due to arcing 
by a factor of 100 or better. They provide efficient contact 
protection in both AC and DC applications. 
Spike-shaped oscillograph trace below, shows voltage 
across an unprotected contact switching a relay; step- 
shaped trace shows improvement with a back-to-back semi- 
conductor protector connected across coil. 


For complete specifications, 
write for Bulletin No. 360 A f 


SEMICONDUCTOR DEPARTMENT BCOMPONENTS DIVISION 
INTERNATIONAL TELEPHONE AND TELEGRAPH CORPORATION, CLIFTON, NEW JERSEY 
Circle 221 on Inquiry Card 


A PART OR A PACKAGE 


A PART: Miniature adjustable ratio speed changers 

RATIOS: 1:5 up to 5:1 down 

(continuously variable over 25:1 range) 

HORSEPOWER: .025 max. either shaft 

TORQUE: 5 to 40 oz-in depending upon ratio 

SPEED: 10,000 RPM max. 

WEIGHT: 8 oz. 

BEARINGS: double, heavy-duty ball 

DELIVERY: 10 days 
A PACKAGE: Call Metron now if you need help with speed 
changing design problems. Our 18 years of experience with mini- 
ature speed changers and precision instruments is at your service 
to design and build mechanical or electro-mechanical packages. 
Send your prints today and you’ll hear from us promptly! 


Fitetron _ METRON INSTRUMENT Co. 
C elron > 


432 Lincoln, Denver 3, Colo., PE 3-3764, TWx 
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tions. Power gain of the magnetic struc- 
ture is approx 40; response time, 7.5 
millisec. Input and output voltages are 
115 volts, 400 cps; power ratings vary 
from 4 to 18 watts. Output is sinusoidal, 
amplitude variable and phase reversi- 
ble. United Transformer Corp., 150 
Varick St., New York 13. 

Circle 527 on Inquiry Card 


MAGNETIC AMPLIFIERS 

“Mega-Power” Series 1310 amplifiers in 
seven sizes from 75 to 400 hp, for ap- 
plications requiring controlled d-c pow- 


er for variable-speed motor drives, 
etc., are compact static devices. For 460 
volts, 3-phase, 60-cps input. Vickers, 
Inc., Electric Products Div., 1815 
Locust St., St. Louis 3. 

Circle 528 on Inquiry Card 


INDUSTRIAL TRANSFORMERS 


Series SXO, for industrial applications 
that do not require superior voltage, 
have precision-wound coils, preformed 


coil bases and heavy insulating chan- 
nels between core and coil. Input, 50 or 
60 cps in 15 kva ratings from 0.050 to 
10 kva. Hevi-Duty Electric Co., Trans- 
former Div., 3002 W. Burleigh, Mil- 
waukee 1. 
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A-C POWER-COMPENSATING 
TRANSFORMER 


“Reactron” transformer, in conjunction 
with silicon rectifiers, provides adjust- 
able constant motor speeds (ratios up 
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Belden Square and 
Rectangular Magnet Wire 


Delivery... QUICK 


To meet the many specialized requirements 
of today's transformers, large motors, elec- 
tromagnets, and other electrical equipment, 
Belden offers a widely diversified line of 
square and rectangular magnet wire... all 
manufactured to the highest standards of 


quality. Specify with confidence. 


*Belden Trademark 
Reg. U.S. Pat. Off. 


Belden 


WIREMAKER FOR INDUSTRY 
SINCE 1902 
1-40 CHICAGO 


MARCH 1961 


Quality... CONTROLLED 
Coverage... COMPLETE 


® Formvar —105C 

®@ Formvar, Glass Covered —130-155C 

@ Beldtherm* —130-155C 

@ Beldtherm, Glass Covered —130-155C 

® Epoxy —130C 

®@ Glass or Dacron Glass —130C 

®@ Glass or Dacron Glass, Silicone Bonded —180C 
® Multiple Cotton Covered —105C 

@ Paper and Cotton Combinations —105C 

® Multiple Paper Covered —105C 


one wire source for everything electrical and electronic 


lead wire @ power supply cords @ cord sets @ portable cordage @ electronic 


wire @ control cables @ automotive replacement wire and cable 





Performance-proved on countless 


PUMPING, VALVING, SIGNALLING 
and flow control applications! 


Floatless Liquid Level 


CONTROLS 


For accurate, reliable means of controlling conduc- 
tive liquids, you'll do well to specify “B/W” —the 
original line of floatless level control equipment 
that has been thoroughly proved in use on count- 
less applications for more than a quarter century. 


0 Consisting of a rugged B/W relay connected 
to one or more electrodes, each control system 
is easy to install, completely automatic in opera- 
tion, and unaffected by pressure, temperature, 
acids, alkalis or caustics. And they're available 
in a wide range of standard and special types to 
meet your particular application requirements. 


Other Reliable B/W Fieatless Liquid Level Contre! Equipment 


Automatic Alternators 


OF 
eo | 


Complete technical data available upon request—write today! 


aCONTROLLER |, 
THe Ea CORPORATION | 
2200 E. MAPLE ROAD ¢ BIRMINGHAM, MICHIGAN 
Manufacturers of Liquid Level and Industria! Motor Controls 
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| Nominal 





to 100:1) on d-c shunt motors directly 
from a-c power supply. Motor, with 
inherent thermal protection, may oper- 


ate at up to three times motor torque | 


intermittently. Voltage and phase angle 


automatically regulated with change in | 
motor load. Units available with appro- | 
priate motors in %o to 1 hp models. | 


Vee-Arc Corp., Westboro, Mass. 


Circle 530 on Inquiry Card | 


PULSE TRANSFORMER KIT 
Kit PTK-1 


contains 


six ferrite-core | 


pulse transformers which offer over 20 | | 


different inductance values. For bread- | 


board design of prototype 


open-circuit 
4 ee 


primary 


tances: 7.5 and 10 mh. 


| Turns ratios of all transformers, 3:2:1 


with secondary and tertiary rise times 
of less than 0.1 ysec. Withstand poten- 
tials of 500 volts. Temperature range, 

55 to +105 C. Dimensions, 34 in. 


| diam x 34 in. seated height. Electronics 
| Div., Hamilton Watch Co., Lancaster, 


Pa. 


Circle 531 on Inquiry Card 
HIGH-Q COILS 


Series of potted-core coils and trans- | 
formers, available variable or fixed, for | | 
50-ke to l-mc range, complies with | | 


MIL-C-15305A. Units operate to 125 C, 


for use in hermetically sealed units. Q | 
| range, 100 to 300. Dimensions, 72 x | 
| 2540 x %4¢@ in. high. Weight, 0.7 oz. Sta- | 
| bility, 150 ppm/deg C. Magnetic shield- | 
| ing because of potted core. Electrostatic 
| shields available with inductances up to | 
| 150 mh. Shock and vibration limits, 


circuits. | 7 


induc- | 





SQUARE-LOOP 
TAPE CORES 
TO MEET YOUR 
TOUGHEST 
SPECIFICATIONS 


Speed your specs to Dynacor 
when you want square-loop tape 
cores to exact requirements—fast! 
Here you'll find a dependable 
combination of personnel, expe- 
rience and facilities—the know- 
how to deliver parameters to 
your very tightest tolerance re- 
quirements for switching time, 
flux, and noise. 

Dynacor Square-Loop Tape 
Cores are manufactured with the 
high permeability alloys—Grain- 
Oriented 50-50 Nickel Iron, 4-79 
Molybdenum Permalloy, and 
Grain-Oriented 3% Silicon Iron 

. with fully guaranteed uni- 
formity ... under rigid standards 
of control and inspection. 

Look to Dynacor for reliable 
production and swift delivery of 
your tape core requirements. For 
your convenience a full line of 
standard units are stocked for im- 
mediate off-the-shelf delivery— 
Send for bulletins DN 2000, DN 
2001, DN 2002. 


over 30 g at 50 to 2000 cps. Bulova | | 


Watch Co., Inc., Electronics Div., 40-01 | 


61st St., Woodside 77, N.Y. 


Circle 532 on Inquiry Card | 


CRT STATOR YOKE 


Series Y58 stator yoke, designed for | 
low-impedance transistor and medium- | 


DYNACOR, INC. 


A SUBSIDIARY OF SPRAGUE ELECTRIC CO. 
1008 WESTMORE AVENUE © ROCKVILLE, MARYLAND 
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Insulation of “Mylar” gives capacitors 
longer-lasting stability under high humidities 


Punishing, hot, humid atmospheres 
like those in the test chamber above 
have little effect on capacitors insu- 
lated with ‘‘Mylar’’* polyester film. 
These capacitors have remarkable 
stability and longer life, because 
‘Mylar’ is much less sensitive to 
high temperatures, changing humid- 
ity and aging than other commonly 
used insulating materials. 


Capacitors made with “Mylar” 
meet the highest standards of relia- 
bility, yet are frequently smaller and 
less costly than other units. Thinner 
insulation can be used, because of 
the exceptionally high dielectric 
strength of ‘“Mylar’’. And ‘‘Mylar’’ 
reduces the need for costly encapsu- 
lation because of its remarkable re- 
sistance to moisture. 


Tough, thin ‘‘Mylar’’ has this unique combination of 
properties for superior insulating performance: 


e Average 4,000 volts per mil dielectric strength (Per 
ASTM D-149). Average power factor of 0.002 at 60 


cycles. 


e Thermal stability from -60°C to Class B range. 


e Chemical and moisture resistance. 


e Resistance to aging, abrasion, tearing and rotting. 


MARCH 1961 


IN MOTORS — Insulation of ‘Mylar’ 
cuts size and weight, improves moisture 
resistance . . . at no increase in cost. 


Circle 225 on Inquiry Card 


Whether you manufacture or buy 
electrical products, you can get im- 
proved performance with ““Mylar’’. 
And, figured on a square-foot basis, 
“Mylar” will often cost you less than 
your present material. For full facts 
on “‘Mylar’’, write for free booklet. 
E. I. du Pont de Nemours & Co. 
(Inc.), Film Department, Rm. No. 
14, Wilmington 98, Del. 


* Mylar” is Du Pont’s trademark for its brand of 
polyester film. 


AE6. u. 5. Pat. OFF. 


Better Things for Better living . . 


DU PONT 


MYLAR 


POLYESTER FILM 


- through Chemistry 
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Here comes the ZJ34, 
looking for trouble... 


And, if the ZJ34 is half the rectifier our 
men claim it to be, the trouble had better 
watch out. Why? Well, you’re certainly 
asking the right party. 

The ZJ34 is the first double-diffused all 
hard-soldered high current rectifier on 
the market today, and if that fact alone 
doesn’t stagger your imagination, consider 
its formidable statistics: maximum 
average single phase forward current 
(Ts=150° Stud) ... 70 A DC; maxi- 
mum one cycle peak surge current (60 
cps, 1 phase basis) . . . 1600 amps; maxi- 
mum allowable peak reverse voltage, re- 
petitive up to 600 PRV and transient up 
to 800 PRV. 

So if trouble comes to you in the form 
of high current applications, give a long, 
hard look at the ZJ34. It’s quite a trouble- 
solver. A complete spec sheet is yours for 
the asking. Drop a note to Section 20C10. 


Our men in the field have been put- 
ting their ear to certain key-holes 
lately, and report back to us a lot of 
talk in the industry over plated ver- 
sus painted finishes on top hat 
designs. Ever eager to settle an argu- 
ment, we ran a test recently on six 
different makes of 1N538’s at rated 
load, and the painted units ran an 
average of 10°C cooler than the 
plated ones. Granted, a silver or gold 
finish certainly looks pretty, but it 
means hotter operation, reduced life 
expectancy. At General Electric we 
paint them. Bless us! 


Stomach upset? 
Nerves on edge? 


Possibly you got that way trying to com- 
pare SCR’s and Power Transistors. Let 
us try to make life easier for you. 

Rectifiers are traditionally rated in 
terms of average of a half cycle sine wave 
— they conduct one-half cycle, block the 
other half. 


RMS VALVE = 1.7K Tavg.=25°A 
Conducls 


\ 
Blocks ae ee i 
Average vave = KI p= /b4 


SCR’s are rated the same way. For ex- 
ample, C35 Iavg=16 A in the above 
half-wave circuit. But power transistors 
are not rated in a half-wave circuit. They 
are rated on a DC basis. So in order to 
compare current ratings we must use the 
SCR DC rating. For C35 this is 25 A DC, 
as shown on the new spec sheet. 

Since by definition the RMS value of a 
wave form is the DC value which would 
produce an equivalent amount of “resis- 
tive heating,” the 25 A is also the RMS 


rectifier 
components news 


value of current the device will carry. 
Notice in our little drawing (we use the 
term loosely), that the single phase 16 A 
average corresponds to a 25 A RMS, or 
25 A DC. The important point, of course, 
is that in comparing current rating for 
SCR’s and power transistors, use DC rat- 
ings for both. 

Now—how about, gain? A given 30 amp 
power transistor requires 10 A base cur- 
rent for a collector (anode) current of 
30 A. In an application switching 20 amps 
at a 100 cps repetition rate at a 10% 
duty cycle, this transistor would require 
100 times more drive power than an SCR. 

It all adds up to the fact that power 
transistors have important applications, 
but when comparing them to SCR’s, a 
lot more than current ratings must be 
kept in mind. The man to see for all the 
information on SCR’s is your G-E Semi- 
conductor District Sales Manager. He is 
probably sitting by the phone right now 
waiting for your call. 


The G-E Rectifier Components 
Guide is in the last stages of pub- 
lication. Watch for it. 


How not to treat 
our precious products! 


For many good reasons, high potential 
testing on the production line can be a 
real semiconductor killer, particularly 
with very low leakage devices. There is 
only one completely safe rule tor any high 
potting test. 


Tumper 


The rule is: Either remove electrical 
connections or place jumpers across all 
semiconductors before applying high volt- 
age anywhere in the circuit! Don’t be 
known as a semiconductor killer. 


Rectifier Components Department, 
Auburn, New York. In Canada: Canadian 
General Electric Co., 189 Dufferin St., 
Toronto, Ont. Export: International 
General Electric Co., 150 East 42nd St., 
New York, New York. 


GENERAL 
ELECTRIC 
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impedance cathode-ray tube applica- 
tions, is available with deflection angles 
up to 52, 70 and 90 deg, and fits all 
114-in. diam neck cathode-ray tubes, 
including 70-deg flat tubes. Residual 
magnetism, 0.1 per cent max. Imped- 
ances up to 60 millihenry are obtained 
by series connection, down to 0.1 by 
parallel connection. Syntronic Insitru- 
ments, Inc., 100 Industrial Rd., Addi- 
son, Ill. 


Circle 533 on Inquiry Card 
DIFFERENTIAL ISOLATOR 


Model AA 131 differential isolator func- 
tions as a d-c to 20 ke isolation trans- 
former. Input circuitry isolation is 10 
k megohms min, 10 picofarads max. 
Common mode rejection is 130 db to 1] 


ke. Output is 5 volts at 30 ma, or 10 
volts at 20 ma. Frequency response less 
than 3 db down at 20 ke. Input imped- 
ance 300 ohms, output less than 15 
ohms to 1 ke. Computer Engineering 
Associates, Inc., 350 No. Halstead St., 
Pasadena, Calif. 

Circle 534 on Inquiry Card 
TUNING FORK 
Type TF-4 tuning fork, enclosed in 
vacuum tube, provides accurate fre- 
quency source for electronic instru- 
ments. Dimensions, 114 in. diam x 214 
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VALUE ANALYSIS FACT SHEET 


Formbrite Drawn Brass Parts 


How to open finishing room bottlenecks and cut 
polishing costs up to 50%—produce stronger, more 
scratch-resistant parts—and get additional savings 
—with Formbrite, superfine-grain drawing brass. 


Very often in the production of drawn 
brass parts which are to be plated or 
lacquered, finishing costs are greater 
than those of all preceding operations 
—or even the cost of the metal. Under 
any circumstances, they are a high per- 
centage of total costs. 

Furthermore, parts go through the 
pressroom a lot faster than they can 
through the finishing room, creating 
bottlenecks in production. 


ENLARGED SURFACE TRACES at the right 
prove that you can lick both cost and 
time problems with Formbrite" 

Anaconda superfine-grain drawing 
brass. Savings in polishing costs re- 
ported by users run from 40 to 50% 

These are net savings, as Formbrite 
costs no more than ordinary drawing 
brass. 


STRONGER, MORE SCRATCH RESISTANT. 
Formbrite is stronger, harder, springier 
than the usual drawing brasses in the 
same standard tempers, yet retains re- 
markable ductility for forming and 
drawing, and takes sharp, clean-cut 
ornamental die impressions. The harder 
surface means fewer rejects from 
scratching and marring during han- 
dling. In some instances, the superior 
strength and hardness of Formbrite 
make possible the use of a thinner gage 
metal, with an additional saving in ma- 
terial cost. 

SIZES AND TEMPERS. Brass manufactured 
by the Formbrite method, with its spe- 
cial characteristic of superfine-grain 
structure, is supplied in standard 
Formbrite temper, half-hard, three- 
quarter-hard, hard, and extra-hard 


TERMINOLOGY FOR 


TENSILE STRENGTH 
LB. SQ. IN. 


ROCKWELL B 
HARDNESS 


MAX. 


59,000 
67,000 
74,000 
81,000 
92,000 
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Enlarged surface trace of standard drawing 
brass (grain size, .045 mm) after 40% elongation. 
This kind of roughness causes “orange peel” 
effect in the working of standard drawing brass. 
Smoothing such mountains down to the valleys 
takes considerable cutting. 


This is the microstructure, shown 75x, of the 
standard drawing brass used above. 


tempers, and can be rolled in heavy 
coils to .004” in thickness by 24” wide, 
weighing 100 pounds per inch of width. 
The table below gives physical data 
and terminology for Formbrite tempers. 


FORMBRITE TEMPERS 


DESIGNATION TO BE USED 


Yellow Brass—Formbrite 

Half-hard Yellow Brass—Formbrite 
Three-quarter-hard Yellow Brass—Formbrite 
Hard Yellow Brass—Formbrite 

Extra-hard Yellow Brass—Formbrite 


Circle 227 on Inquiry Card 


Enlarged surface trace of Formbrite drawing 
brass (grain size, .005 mm) after 40% elongation. 
Surface smoothness after deformation is the 
test of a drawing brass’s polishing character- 
istics. It is relatively easy to level these little 
hills on the surface of Formbrite. In many 
cases, users find they eliminate cutting opera- 
tions altogether, need only a simple color buff. 


This uniform superfine-grain structure of Form- 
brite, shown 75x, is produced by special proce- 
dures for rolling or drawing and annealing devel- 
oped by Anaconda American Brass Company. 


ALLOYS. In addition to 70-30 brass, the 
following Anaconda alloys also are pro- 
duced by the Formbrite method: Yel- 
low Brass-59, Gilding Brass-4, Com- 
mercial Bronze-14, Red Brass-24, and 
Low Brass-32. 


TECHNICAL ASSISTANCE. For help in se- 
lecting the alloy and temper to handle 
your particular job—for a copy of Pub- 
lication B-39 with more details about 
Formbrite—see your Anaconda repre- 
sentative. Or write: Anaconda Ameri- 
can Brass Company, Waterbury 20, 
Conn. In Canada: Anaconda American 
Brass Ltd., New Toronto, Ont. 


6145 


FORMBRITE 


Superfine-grain drawing brass 
a product of 


ANACONDA 


Anaconda American Brass Company 
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in. high. Fork, with silicon-transistor 
_ oscillator, has range from 240 to 10,000 
* cps. Accuracies, 0.005 per cent or better 
2 has the horses ! from —56 to +125 C. Output, sine or 
“4 | square wave, 1.3 to 3.0 volts rms across 
, 10,000 ohm load, from supply of 6 to 
eg” 36 volts d-c with current drain less than 
a > 10 ma. Time & Frequency, 127 S. Ba- 

5 | tavia Ave., Batavia, II. 
Circle 535 on Inquiry Card 


WIDE-BAND-PASS 
CRYSTAL FILTERS 


Miniature filters in 0.5 to 30-mc range, 
with fractional bandwidths from 0.7 to 


5 moe m™, 800 to 1 hp favorites 


‘ne for quiet operation, 
f = low maintenance and 


| 


long-life service .. . 


“, : From the case of the 
A. O. Smith Motor Man —a 
complete stable of integrals 

that include single-phase 

models (1-5 hp) or polyphase 
(1-800 hp). Also a team of 
fractional-hp motors: All are sure 
bets to give top performance 
over the long, long haul. 


And there’s an A. O. Smith Motor 
Man near you — chomping at 
Milwaukee 1, Wisconsin, U.S.A. the bit to give you 24-hour action 


Seeseeesseeneseneecse on all parts and service orders. 
Circle 228 on Inquiry Card 


COPYRIGHT 1960, A. O. SMITH CORP, “ 
@seeseeeeecocoeoaeeeoosce2ced 


Through research &§ ..@ better way 
AOSmith 


ELECTRIC MOTORS 
Tipp City, Ohio 
A. 0. SMITH INTERNATIONAL, S.A. 


et 
a 


6.5 per cent, have package size of less 
than 1 cubic in. The Biddle Co., 108 E. 
Market St., Bloomington, Ill. 

Circle 536 on Inquiry Card 


NEON-GLOW INDICATORS 


“Econoglo” assemblies operate on 
standard line voltage. Two styles, Tin- 
nerman-nut and snap-in-plug mount 


Ohad op, 
CTD ae 


YouUR ASSURANCE oF— 
Dimensional Stability 

VY Lower Winding Costs 
Close Tolerances 
Rigid Flanges 





eeeeeececeaee oes 
eeoeeeoeoeaese 


/ 

/ jf 

FT 
from front of panel. Available with 
built-in current-limiting resistors. Lens 
styles, plain, fluted or flat cap; color- 
less, red, yellow or white. Drake Mfg. 
Co., 4626 No. Olcott Ave., Chicago 31. 
Circle 537 on Inquiry Card 


BRIGHT CATHODE-RAY TUBE 


Addition of P31 phosphor is said to in- 
crease screen brightness over Pl by 60 
per cent. Color is pale green. Line of 


You save on bobbin costs. You save on 
tooling costs. You save on winding costs 
by eliminating costly secondary opera- 
tions. You save by incorporating econom- 
ical terminal designs into the molded part. 
You save by eliminating winding rejects. 
@eeneeeoeveaeeope eee eeeeee eee 


DATA BROCHURE 
ON REQUEST 


The outstanding properties of nylon plus econom- 
ical molding procedures provide a quality Cosmo 
bobbin that has dimensional stability, strength 
ir. thin sections, secure flanges, high resistance to 
impact and/or vibration, good dielectric strength, 
and resistance to action of most common chemicals. 


It will pay you to investigate COSMO NYLON BOBBINS 


SALES DIVISION OFFICES 
Arizona, California, Colorado, Connecticut, Illinois, Massachusetts, Michigan, 


Minnesota, Missouri, New Jersey, Ohio, Oregon, 


m ©5 © ) 


* ALA & 


3239 WEST 14 STREET 


Utah, Washington and Canada. 


CLEVELAND 9 OH'toO 


Circle 229 on Inquiry Card 


over 200 registered tube types with new 
phosphor available. Thomas Electronics, 
Inc., 118 Ninth St., Passaic, N.J. 

Circle 538 on Inquiry Card 


CODE GENERATOR 


Standard MG-100 Codamite produces 
Morse-code characters; other outputs 
such as binary-coded decimal can be 
provided. All solid-state digital cir- 
cuitry. Weight, 4 lb. Adjustable rate 
control, transmission speeds of 6 to 43 
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from these Mallory 
Industrial Distributors... 
ARLINGTON, VA. 
Rucker Electronic 

Products 
BOSTON, MASS. 

Cramer Electronics 

Lafayette Radio 


Whatever your needs in 


Vitreous Enamel Resistors 


..» Mallory meets ‘em 


with fixed or adjustable tubular styles + fixed 
flat styles+ multi-tap styles+ and axial lead types 


Highly resistant to thermal shock and humid- 
ity ... operate at high ambient temperatures 
(40°C) ... range 3 to 240 watts. Many types 
qualified under MIL-R-26C. New spade 
terminal for quick disconnect. We would 
welcome the opportunity to work with your 
engineers to develop special models for 
your specific applications. Mallory Controls 
Company, Frankfort, Indiana. 


A division of 


MALLORY 


Circle 230 on Inquiry Card 


Get immediate delivery of 


MALLORY VITREOUS 
ENAMEL RESISTORS 


...at factory prices... 


CINCINNATI, OHIO 
United Radio 


COLUMBUS, OHIO 
Whitehead Radio 


DAYTON, OHIO 
Allied Supply 


INDIANAPOLIS, IND. 
Graham Electronics 


MILWAUKEE, WISC. 
Radio Parts 


NEW BRIGHTON, PA. 
Television Parts 


NEW YORK, N. Y. 
Harrison Radio 
Lafayette Radio 


ORLANDO, FLA. 
East Coast Radio 


PALO ALTO, CALIF. ~ 
Zack Electronics 


SEATTLE, WASH. 
F. B. Connelly Co. 


SPRINGFIELD, ILL. ‘ 
Bruce Electronics 


See Mallory Controls Company for 


wire-wound rotary plugs & power 
controls switches jacks rheostats 
—25to 590 watts 
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See how FLUOROSINT® parts 
can outperform regular TFE Fluorocarbons 


f THERMAL EXPANSION VS TEMPERATURE 


(1) in dimensional stability FLUOROSINT’s 
coefficient of thermal expansion is as low as 
aluminum. 


Typical FLUOROSINT moldings 
used in mechanical, electrical or 
chemical equipment. 


(2) in bearing characteristics FLUOROSINT eee Snes ees 
operates at higher loads and speeds, shows far FLUOROCARBON base 
more wear life. composition, composed of 
TFE fluorocarbon and 
other specially developed 
constituents, has been for- 
mulated to improve TFE 
fluorocarbon’s mechanical 
and thermal properties. 


For complete technical 
data on FLUOROSINT’s 
unique properties, write 
today for new illustrated 
Bulletin BR-9. 


FLUOROSINT stock 
shapes are also available. 


(3) in resistance to cold flow and creep FLU- 
OROSINT parts are more rigid, resist defor- 
mation at high temperatures. 


HALEX CORPORATION, Reading, Penna. 


wpm. Standard keyboard of 43 char- 
acters, additional available. Ling-Elec- 
tronics Div., Ling-Temco Electronics, 
Inc., 1515 S. Manchester, Anaheim, 
Calif. 

Circle 539 on Inquiry Card 


FLIP-FLOP MODULE 


Model FF-30 plug-in digital module 
contains four identical, independent 
bistable elements for use as input-out- 
put registers. One set and two reset in- 


puts provided are expandable to 10 
inputs per side. Dimensions, 4% in. 
wide x 7 in. high x %g in. thick. Opera- 
tion, between d-c and 1 mc. Temp 
range, —20 C to +-65 C. Utilizes Nor- 
AND logic. Dip-soldered etched cir- 
cuits on glass-impregnated epoxy cards 
and color-coded handles. Computer 
Control Co., Inc., 983 Concord St., 
Framingham, Mass. 

Circle 540 on Inquiry Card 


MEMORY FRAMES 


Units are tailored to meet requirements 
for low-cost memory systems used in 
business computers. Prefabricated cir- 
cuit strips come in four sizes, allowing 
for 10 different frame configurations. 
Sizes are 32-, 48-, 64- and 96-wire strips. 
Several types of 50-mil and 80-mil fer- 


A subsidiary of THE POLYMER CORPORATION | 


| 


* 
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WANT A WIDE 
CHOICE OF WIRE? 
WIRE PACKARD 
ELECTRIC! 


A SINGLE SOURCE FOR REGULAR 
AND SPECIAL CABLE AND WIRE 


MARCH 1961 Circle 232 on Inquiry Card 


Our sales engineers will help you select the 
exact wire or cable you need from our broad 
line of electronic, aircraft, marine, appliance 
and automotive cable. We also specialize in 
magnet wire of outstanding uniformity 

and power cords engineered to specifications. 


And, remember, Packard products are 

all Packard—Packard created, engineered and 
manufactured. Our research and development 
team starts with raw materials ang carries 
them through from design engineering to 
finished product. This integrated production 
means on-time delivery and more effective 
quality controls. So, if your product demands 
reliability in cable or wire . . . wire 

Packard Electric, Warren, Ohio. 


Packard j Electric 
Warren, Ohio ou 


“Live Wire” division of General Motors 





Relays 


by 
Stromberg- 
Carlson 


Telephone-type 
quality « reliability 
durability 


TYPE A: general-purpose. Up to 20 Form 
“A"’ spring combinations. 


TYPE B: gang-type. Up to 60 Form “A” 
spring combinations 


TYPE BB: upto 100 Form “A” springs. 


TYPE C: two on one frame. ideal where 
space is tight. 


TYPE E: characteristics of Type A, plus 
universal mounting. Interchangeable with 
other makes 


Types A, B, and E are available in high- 
voltage models. Our assembly know-how is 
available to guide you in your specific ap- 
plication. If you desire, we can also provide 
wired mounting assemblies. 

Details on request from these Stromberg 
Carison offices: Atlanta—750 Ponce de 
Leon Place N.E.; Chicago—564 W. Adams 
Street; Kansas City (Mo.)—2017 Grand Ave- 
nue; Rochester—1040 University Avenue; 
San Francisco—1805 Rollins Road. 


STROMBERG -CARLSON 


A DIVISION OF 


GENERAL DYNAMICS 
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rite cores may be used in these frames. 
Base material glass epoxy, paper pheno- 
lic, ete. Solder-plated circuitry. Lock- 
heed Electronics Co., Avionics and 
Industrial Products Div., 6201 E. Ran- 
dolph St., Los Angeles 22. 

Circle 541 on Inquiry Card 


BUFFER MEMORY UNITS 


Magnetic drum sub-system includes 
drum, heads and associated read-write 
circuitry. Five-in. drum weighs less than 
22 lb and rotates at 8000 rpm. Complete 


assembly, less than 10 in. wide x 714 in. 
high. Max drum capacity, 50 tracks 
with recirculating registers operating 
as close as 10 bits. No gages required. 
No error due to transfer of measure- 
ment where errors may accumulate. 
General Instrument Corp., Magnetic 
Head Div., 3216 West El Segundo, 
Hawthorne, Calif. 

Circle 542 on Inquiry Card 


MULTIPLE-DECADE 
COUNTERS 


Miniature Series F decade counters 
contain up to eight decades each within 
l-in. high in-plane display on 1% in. 


centers. Electrically reset unit available 
for one-piece mounting. Operating fre- 
quency, over 200 kc at less than 2 watts 
per solid-state decade. Optional 10-line 
coincidence or §8421]-binary output. 
Robotomics Corp., 2422 E. Indian 
School, Phoenix, Ariz. 

Circle 543 on Inquiry Card 


DIGITAL SHAFT ENCODER 

“Vernisyn,” Type VS-256E, gives reso- 
lutions of one part in 24, 215 or 2!® in 
a single turn. Size, 114 in. diam x 2 in. 


| length. Accuracies to 27! available. Out- 








CAPTIVE TYPE 


CARBON BRUSH 
HOLDERS 


SUPPLEMENTING OUR REGULAR LINE 
for low-budget applications 
s 


WITH OR WITHOUT INSERTS 
° 


Various 
Insulating 
Materials 


YOUR PRINTS 
FOR QUOTATION 


TRIPLE ‘*M” ELECTRONENTS DIVISION 


for Electrical Applications 


123 Rotary Drive 
GURNEE. ILLINGIS 


Circle 234 on Inquiry Card 





One Lamb FHP motor...up to 1OO,OOO carbon 
copies mass-produced to exacting specifications 


From a prototype... hundreds OR thousands of motors with Cost-wise you’re way ahead, because Lamb Motors are 
absolute uniformity. Each and every motor produced has the mass-produced at the most favorable cost. 

same, discriminating, “built-in” perfection that you can expect 
with Lamb” manufacturing. This precise mechanical and di- 
mensional uniformity of motor as an integral component for 


your powered product is extremely important... and Lamb THE LAMB ELECTRIC COMPANY : Kent. Ohio 
makes sure you get it! 


Write today for descriptive folder. Or ask to have a District 
Engineer call and set up a personalized “Motor Conference”’. 


A Division of American Machine and Metals, Inc. 
If you have a special motor problem... here’s what you can In Canada: Lamb Electric— Division of Sangamo Company, Ltd, 
expect from Lamb! Into the design of a Lamb motor goes Leaside, Ontario 


years of experience in powering components for aircraft, ° 
domestic and industrial products. Out of the design comes a 
personalized motor that’s dependable, smooth and efficient, 
SPECIAL APPLICATION 
FRACTIONAL HORSEPOWER MOTORS 


Divisions of American Machine and Metals, Inc., New York 7, New York TROY LAUNDRY MACHINERY 

RIEHLE TESTING MACHINES « DE BOTHEZAT FANS * TOLHURST CENTRIFUGALS * FILTRATION ENGINEERS * FILTRATION FABRICS 

NIAGARA FILTERS « UNITED STATES GAUGE * RAHM INSTRUMENTS * LAMB ELECTRIC CQ, « HUNTER SPRING CQ, * GLASER-STEERS CORP, 
Circle 235 on Inquiry Card 





put of alternate fine and coarse pulse 
trains on separate lines provide complete 
angular position answer with respect to 
a reference radius into a 14- to 16-stage 
binary counter every 40 millisec. Slew- 
rate accuracy, 1 to 4 min per sec with- 
out time correction. Requires 400-cps, 
two-phase and/or 28 volts d-c as power 
input. Data Tech, 238 Main St., Cam- 
bridge 42, Mass. 

Circle 544 on Inquiry Card 


POSITION CONTROL 

Control HA-50, with resolution of one 
part in 30,000, includes position sensor, 
solid-state printed-circuit amplifier and 





digital-readout position setter. For con- 
trol of electric or hydraulic drives. 
| Jordan Controls, Inc., 3235 W. Hamp- 
ton Ave., Milwaukee 9. 
Circle 545 on inquiry Card 


OWSlUlT ON 
ELECTRONIC GENERATORS 


ow TYPICAL SPECIFICATIONS 
Powers From (Model 250 Illustrated Above) 


Se TeUA Fixed Frequency 400 C.P.S. 
Accuracy 25% 
oo Less than it 
Regulation Less than 1% 
a =. Output Power 250VA 
Powers From Variable Frequency 350-450 CPS 
6VA-1500VA External Freq. Range... 50-4000 CPS 
Output Voltage 0-125V RMS 
Mounting Desk Top or 
8%" x 19” 
Rack Panel. 


| ANALOG-TO-DIGITAL 
| CONVERTOR 


The “photronic” is a basic transducer 
| for incrementally converting shaft 
| angle to digital measurement informa- 
| tion. Maximum permissible speed, from 


15,000 rpm at 128 counts per revolu- 
tion to 1250 rpm at 2048 counts. 
| Sampling rate up to 45,000 counts per 
sec. Principle of operation, interruption 
of light beam by slotted disk. Phototron 
output, 12 volts at 1 ma; 9-volt output 
| available. Weight, 19 oz. Case measure- 
ment, 4.68 in. long x 2.75 to 3.5 in. 
| diam. Electronics Div., Hydro-Aire Co., 
| 3000 Winona Ave., Burbank, Calif. 
OFF THE SHELF DELIVERY ON MANY OF THE MODELS LISTED BELOW: Circle 546 on Inquiry Card 
Model 1040 (1, 3VA) Model 1040-2 (22, 6VA) Model 1040-3 (32, 9VA) 


Model 1040A (1, BVA) Model 1040A-2 (22, BVA) Model 1040A-3 (32, 24VA) 

Mode! 1500 (1, 20VA) Model 1500-2 (22, 40VA) Model 1500-3 (32, 60VA) LINEAR TRANSDUCER Ea 

Model 150 (1D, 160VA) Model 150-2 (22, 320VA) Model 150-3 (32, 480VA) Transducer converts linear position to 
Model 250 (12, 250VA) Model 250-2 (22, S00VA) Model 250-3 (32, 750VA) signal that is read on meter and is 
Model 750 (12, 7S0VA) Model 750-2 (22, 1500VA) Model 750-3 (3, 2250VA) | suited for measuring small deviations. 


WRITE FOR DESCRIPTIVE BROCHURES AND PRICES | Mla: be weed with:mneter onlay: fot nee 


trol. Applications: testing part size, in- 


SS ae | dicating linear oscillation of shaft, 


| measuring diaphragm movement and 


55 E. 11th ST... NEW YORK 3° GR. 3-4684 | depth of surface coatings. Meter sensi- 


| tivity, +0.005 in. full scale. Max read- 


Three-Phase © HIGHER POWER UNITS 
Schoen TO ORDER 


— © FREQUENCY ACCURACIES 
AVAILABLE TO .001% 


Visit Booth No. 3613—Radio Engineering Show 
N. Y. Coliseum, March 20-23, 1961 
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600 SERIES 


THE FORGEABLE BEARING ALLOYS THAT 
STAND UP ON THE REALLY TOUGH JOBS! 


600 ALLOY NOSE BEARING WITHSTANDS 
THE PUNISHING SHOCK LOADS OF AN 
IMPACT WRENCH 


This heavy-duty impact wrench takes the rigorous 
punishment of hard industrial use right on the nose... 
and right on the 600 Series nose bearing. This bearing was 
especially chosen by the manufacturer because of its ability 
to absorb a range of 1600 to 1800 impacts per minute at a 
torque of from 0 to 250 foot pounds. By specifying 600 bearing 
alloy, the manufacturer gets superior performance from his 
finished product. 


600 ALLOY RATCHET AND DRIVE GEAR BEARING 
TAKES THE TERRIFIC POUNDING OF A 
HIGH POWERED CHAIN SAW 


Professional woodcutters give chain saws a rough time for 
hours on end, all year round, and these rugged saws must be 
built to take punishment. With chain speeds up to 3000 feet 
per minute, the ratchet and drive gear bearings, for example, 
must have a very high strength, hardness and good resistance 
to wear with minimum lubrication. That’s why 600 Series 
Alloy was specified for both parts . . . the ratchet is a forging 
and the bearing was produced from 600 Series rod. 


MUELLER BRASS CO. SPECIALIZES IN ALLOYS FOR DIFFICULT APPLICATIONS 


: The alloys available from the Mueller Brass Co. range from those having high 

For complete engineering data, write = / | hardness and wear properties, to alloys that must possess excellent electrical 
today for Special Alloys Kit No.13. | : conductivity, and ones that must have free-machining properties. Let our 
engineers help you select the alloy best suited to your exact application. 


ee MUELLER BRASS CO. Port HURON 38, MICHIGAN 
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a complete 
selection 

of 

low cost 
standard 
models 


Howard ~ 


Ratings from 1/200 to 1 H.P. 


Howard standard motor 

parts include armatures 

and fields, brushes and 

brushholders, rotors, 

stators and fans. If you use HOWARD 
motor parts, write Howard ry 

for complete information. S 


HOWARD INDUSTRIES, INC., 1720 State Street, Racine, Wisconsin 
Divisions: Electric Motor Corp., Cyclohm Motor Corp., Loyd Scruggs Co. 
Circle 238 on Inquiry Card 


Te a 
Vas 


CLASS H UNSUPPORTED TAPES 

@ GUIDELINE self-adhering, triangular tape with col- 
ored line at apex for guiding overlapping layers. 
Tape has an interliner and requires no heat for 
bonding adjacent layers. Also supplied in rectang- 
ular form without center line. 


CLASS H SUPPORTED TAPES 

@ Cured Tapes: Silicone rubber coated tapes in 
many variations of thickness, silicone compound and 
base fabric. 
Semi-Cured Tapes: A semi-cured silicone rubber 
coating on glass or other fabric. Tape has no inter- 
liner and heat is required to bond multiple layers 
of tape. Tape can be supplied coated on one side 
or two sides. 

@ Self-Adhering Tapes: A self-adhering silicone 
rubber coating on glass or other fabrics. 


TEMP-R-TAPES: 

@ Pressure-Sensitive Tapes: Thermal curing tapes 
with backings of Teflon* glass fabric and silicone 
coated glass fabric —all with silicone adhesive. 
Available from stock. 


For additional data, we invite your inquiry. 


ELECTRICAL AND INDUSTRIAL SPECIALTY TAPES 


(G;R4 CONNECTICUT HARD RUBBER CO. 


*duPont TM Main office: New Haven 9, Connecticut 


Circle 239 on Inquiry Card 


out speed, one reading per sec. Meter 
accuracy with constant voltage trans- 
former, +0.0002 in. full scale. Assem- 
bly Products, Inc., Chesterland, Ohio. 

Circle 547 on Inquiry Card 


FORCE TRANSDUCER 


Fast-response element automatically 
senses and measures varying amplitude 
forces for control purposes. Standard 
models can handle loads from 8 oz to 
1500 lb. Special designs available up 


~ Sane = 


to 50,000 lb. Overloading will not dam- 
age unit or cause shift in calibration. 
Hydro-Pneu-Tronics, Inc., Force Trans- 
ducer Sales Div., 3666 E. 116th St., 


Cleveland 5, Ohio. 
Circle 548 on Inquiry Card 


PRESSURE TRANSDUCERS 


Series 200 transducers have a thickness 
of only 0.035 in. and an overall size of 
1 x 1 in. Units respond only to normal 
forces. Hermetically sealed, the pres- 


sure range is from 15 in. Hg vacuum to 
100 psi. Transducers change capacity 
with pressure, may be used with bridge 
or resonant circuits. Spitz Laboratories, 
Inc., Yorklyn, Del. 

Circle 549 on Inquiry Card 


MINIATURE SOLENOID VALVE 


Solenoid valve for air or nitrogen, with 
stainless steel version for hydrogen 
peroxide, is available as a two-way NC 
or a three-way valve. Reversing ports of 
three-way valve provides an NO, an 
NC or a selector valve. Typical flow 
capacity equivalent to 14% in.-diam 
sharp-edged orifice. Service pressure, 0 
to 3000 psi; temperature range, —65 to 
+165 F; voltage range, 18 to 30 volts 
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NOW..." 
PAN WAY] Rom Ol a e 
THE SHELF AT YOUR 
LOCAL DISTRIBUTORS 


Delco Radio’s complete line of semiconductors is now available at your local distributor’s. You 
can get fast off-the-shelf service on military and industrial transistors for high and low voltage 
switching and power supplies, for low-leakage DC amplifiers and for audio [DELCO 
amplification. Your distributor has Delco silicon power rectifiers, too. The 

distributor nearest you has a complete catalog of application- proved semi- FRADIO 


conductors. Division of General Motors « Kokomo, Indiana 


New York Chicago: Detroit: 
HARVEY RADIO CO., INC. MERQUIP ELECTRONICS, INC. GLENDALE ELECTRONIC SUPPLY COMPANY 
103 West 43rd Street, New York 36, New York 5904 West Roosevelt, Chicago, I/linois 12530 Hamilton Avenue, Detroit 3, Michigan 
JU 2-1500 AU 7-6274% TU 3-/500 


Philadelphia: Baltimore: Los Angeles: San Francisco 
ALMO RADIO COMPANY RADIO ELECTRIC SERVICE RADIO PRODUCTS SALES, INC. SCHAD ELECTRONIC SUPPLY, INC. 
9/3 Arch Street 5 North Howard Street /50/ South Hill Street 499 South Market Street 
Philadelphia, sylvania Baltimore, Maryland Los Angeles /5, California San Jose 13, California 
LE 9-3835 Rl 8-127! CY 8-O5// 
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BEST BY TEST, PROVED BY PERFORMANCE... 


Actual Size 


Two New Phil-Trol Crystal Can Relays 


WITH SIGNIFICANT DESIGN FEATURES AND CHARACTERISTICS 


Just out. Completely tested, approved and in operation, are the new model 
Phil-Trol micro-miniature relays. And, already, engineers are calling them 
the finest in the electronics field. 


They are members of the quality line of Type 30 models operating so 
successfully throughout the missile, rocket, communications, air borne 
computer, and data processing industries. They are the ultimate in reliable 
circuit switching for 2 amps. 26.5 V. DC as well as low-level circuit applica- 
tions. Special design features include compactness, lower mounting dimen- 
sions, unique terminals and mounting arrangements, as well as different 
conformations for the latest grid spacing requirements. 


Write for revised technical bulletins covering coil power, shock, vibration 
and resistive ranges, and all pertinent engineering data. 


Standard Voltages and Mounting Arrangements Available from Stock. 


PHILLIPS CONTROL CORPORATION «+ JOLIET 1, ILLINOIS 
A Subsidiary of Allied Paper Corporation 
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d-c; response time at 28 volts d-c, 0.01 

sec. Kidde Aero-Space Division, Walter 

Kidde & Co., Inc., Belleville 9, N. J. 
Circle 550 on Inquiry Card 


TWO FIRE-RETARDANT 
LAMINATES 


Glass-epoxy laminate FF-93FR, in Y“e- 
in. thickness, extinguishes after 3 sec at 


150 C by NEMA’s modification of 
ASTM D-635 ignition test. Paper-base 
phenolic laminate XXXP-100FR, with 
cold-punching properties, demonstrates 
under-5-sec burn time. Formica Corp., 
Subsidiary of American Cyanamid Co., 
Cincinnati 32. 

Circle 551 on Inquiry Card 


VANE-AXIAL BLOWER UNIT 

SP-162 vane-axial blowers meet MIL-F- 
5272A environmental conditions and 
deliver from 275 to 550 cfm at static 
pressures of 7.5 to 1.5 in. of water at 


standard density. Blowers, available 
with d-c or 400 cps a-c motors, are 5.75 
in. long x 7.54 in. diam. Specialty 
Blower Div., Torrington Mfg. Co., 
Torrington, Conn. 

Circle 552 on Inquiry Card 


PAPER-NYLON LAMINATE 


Laminate of rag paper and nylon is 
used as electrical insulation in hermetic 
applications. Nylon film is extruded 
directly onto the paper, eliminating 
adhesive. Tensile strength, 144 psi in 
machine direction; 90 psi in cross-ma- 
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MARCH 1961 


keep your signals clean with 
engineered magnetic shielding 


Keep stray magnetic fields out of your high gain 
input transformers and cathode ray tubes. Keep 
your signals free of noise, hum, cross-talk and 
distortion. You can do it only with engineered 
magnetic shielding. 


These high-permeability shields are made from ex- 
isting tools in a broad variety of single and multiple 
structures—cylinders, spheres, truncated cones- 

for applications ranging from de into the audio 
range and higher. They can be used with almost 
all conventional transformer core and coil assem- 
blies to provide any degree of magnetic, electro- 
static or RF shielding against undesired signals of 


all classes. Reduction of field strengths to 100 db 
and beyond is common. 


With Magnetic Metals shielding, both the electrical 
and mechanical engineering is already done for you. 
Simply let us know your requirements... We'll 
engineer the exact type of shielding you need. In 
selection of raw material, design, fabrication, an- 
nealing, testing and gaging, Magnetic Metals has 
amassed a great backlog of shielding experience. 
For a better understanding of shielding and help in 
specifying it, write for our informative booklet, 
‘‘Magnetic Shielding of Transformers and Tubes.” 


See us at the I.R.E. Show—Booth 1625 


Magnetic Metals Company 
Hayes Avenue at 2ist Street, Camden 1, N.J. 
853 Production Place, Newport Beach, California 
transformer laminations « motor laminations « tape-wound cores 
powdered molybdenum permalloy cores + electromagnetic shields 
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MYREL FB. ® 
TYPE S4OOE . 
f 
po a a SO . fi 


ona DEPOSITED CARBON 
WJNBE.4 036 RESISTORS 


Send for Bulletin: 7010-8 


¢ BLUE JACKET 


VITREQUS ENAMEL-PROTECTED, 
POWER WIREWOUND RESISTORS. 


Send for Bulletins: 
7410-A (Axial Lead), 7400-A (Tab Type) 


KOOLOHM 
“oe CERAMIC INSULATED-SHELL, 


POWER WIREWOUND RESISTORS. 
Send for Engineering Bulletin: 7300-A 


a PERMASEAL 


CAST EPOXY HOUSING, 
Saud 


Saya le & PRECISION WIREWOUND RESISTORS. 


- 


Send for Engineering Bulletin: 7500 


FILMISTOR 


PRECISION CARBON FILM RESISTORS. 


&, Send for Bulletins: 
7000 (Molded shell), 7010-B (Ceramic shell) 


v\ MEG-0-MAX 


mad GLASS JACKET HIGH VOLTAGE, 
HIGH POWER RESISTORS. 


Send for Engineering Bulletin: 7200-A 


 SPIRAMEG 


HIGH-RESISTANCE SPIRAL ELEMENT 
= RESISTORS. 


wT" 
‘* Send for Engineering Bulletin: 7100 


SPRAGUE ELECTRIC COMPANY 
307 Marshall Street North Adams, Mass. 


SPRAGUE COMPONENTS: RESISTORS © CAPACITORS @ MAGNETIC COMPONENTS @ TRANSISTORS 
INTERFERENCE FILTERS @ PULSE NETWORKS @ HIGH TEMPERATURE MAGNET WIRE @ PRINTED CIRCUITS 


238 Circle 243 on Inquiry Card 





chine direction for a 0.010-in. thick 
sheet. Electric strength is 1120 volts 
per mil. Film-paper adhesion is 2.25 lb 
per 3-in. width. Rogers Corp., Rogers. 
Conn. 

Circle 553 on Inquiry Card 


PLASTIC-TO-FABRIC 
LAMINATIONS 
Metallized Mylar is laminated to 
flannel, vinyl-coated cotton sheeting or 
elasticized cotton backing. Available in 
gold and chrome as well as_ other 
metallic colors, flat or with leather or 
other embossings. Coating Products, 
Inc., 101 W. Forest Ave., Englewood, 
Ne 5. 

Circle 554 on Inquiry Card 


COPPER-CLAD LAMINATE 


“Tellon 3A,” intended primarily for 
microwave printed circuitry, has a di- 
electric constant of 2.36 +0.01 and 
a dissipation factor of 0.0002. Moisture 
and chemical resistant. Peel strength: 
minimum, 5 lb per in.; nominal, 15-20 
Ib per in. Operating temperature: 
continuously, 250 F; intermittently. 
500 F. Available in sheets 14 x 18 in. 
x 0.020 to 0.125 in. thickness. Standard 
is 2-oz copper. Military Electronics 
Div., Tell Mfg. Co., 520 Cary St., 
Orange, N. J. 

Circle 555 on Inquiry Card 


ELECTRONIC 
CONNECTOR CAPS 


Line of plastic protectors provides 
protection to connectors in storage 


and in use. Caps keep out moisture, 
dust and contamination: provide in- 
sulation against shorting. In 12 sizes, 
for rectangular connec tors conforming 
to MIL-C-8384. S. S. White Industrial 
Div., 10 E. 40 St., New York 16. 


Circle 556 on Inquiry Card 


MYLAR INSULATING 
JACKETS 


Jackets suited for hermetic sealing on 
production lines are fabricated from 
Mylar film laminated to polyethylene 
which flows with Mylar to make firm 
bond and prevent separation. No need 
for crystalline bonding agent. Used on 
capacitors, coils, screws and other parts 
where insulation against corrosion or 
electrical effects is required. Plastic 
is transparent or can be supplied color 
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Now NO-BLADE Stripping 
makes wire damage 
impossible! 


ARNOLD TOROIDAL COIL WINDER 


sets up quickly...easy to operate... 
takes wide range of wire sizes 


SPECIFICATIONS: LABORATORY USE TH E R Ni Oo = ST Ri P 


@ Min. finished hole size: .18 in. © Change wire and core size FOR PLASTIC INSULATION 


® Max. finished toroid O.D.: 4.0 in. in 45 sec. 

® Winding speed: 1500 turns/min. | 

© Wire range: AWG 44 to AWG 26 e For use where absolutely no wire damage 
PRODUCTION USE y 


© Dual, self-checking turns © 1800+ he is permissible 

counting system urns per minute e . ‘ 
an operate continuously—no warm-up dela 

© Loading (wire length) counter © Insert core and load c y P y 


© Core range: ¥/” 1.D. to 4” O.D. in 20 sec. e Infinitely variable heat control—prolongs 
to 114” high element life—reduces fumes 
includes all rings, counters and accessories 


immediate delivery. literature on request Especially designed to meet zero-defect 


ARNOLD MAGNETICS CORP. | requirements in assembly of missiles 

6050 W. Jefferson Bivd., Los Angeles 16, Calif. components, aircraft, computers and other 

VErmont 7-5313 precision electronic systems and instruments, 

Circle 244 on Inquiry Card the new Ideal Thermo-Strip Hot Wire Stripper 

ESM ELAS ELE completely eliminates the possibility of nicks, 
breaking or disturbing of strands in even the 
finest wires. Not just a converted soldering 


iron, it is all new, light-weight, easy-to-use, 
and safely removes all 


types of thermo-plastic 

insulation, including 
m P| N T P| | Teflon. 
pneumatic COMPLETE... 


READY TO USE... 


7 Includes 50-watt 
AT af transformer and tool 
-stdN Po of your choice. 
MODEL 86 (Shown with Pincer 


mounted for high-speed 


FOR MANUAL START AND AUTOMATIC STOP eas en eens 


FOR ANY TIMED PROCESS OR OPERATION | PINCER 
; Just grip wire, twist, and 
% Compact —requires only ye May be mounted in any | pull off insulation slug 
I'/ sq. in. for mounting position with heating elements. 


| SINGLE LOOP 


%& Accurate — maintains ye Timing Range —0.2 sec. For “probing” into miniature 
+15% of mean setting to 60 sec. 2 ef pee or crowded assemblies. Just 
put wire end in V-notch 
% Operates on 90% captive air principle of electrode. 





° . : ° Sold Through America’s Leading Distributors Elements may be formed for any 
A high quality — low cost timer whose mechanical IN CANADA: IRVING SMITH, Ltd., Montreal wire size or particular service. 


life has been tested to over 10 million operations. oo 7 
(Switch 1 million). TTI IDEAL INDUSTRIES, Inc. j 


Ts . I . ! 1108-C Park Avenue, Sycamore, Illinois 
Write for Bulletin No. 1620 for complete specifica- ee rea 


RH ae imme [] Have your representative 
dons. Address Dept. ET-361. arrange a trial forme. [] Send data only now. 


D 
|") MANUFACTURING DIVISION /24A200, 
eee. 


Of The Gemewell Compony WISCONSIN 


AN E. W. BLISS COMPANY SUBSIDIARY 


Ee et | =| 


0 ceanctrentabanantinaneisainemamanaisans 
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High-torque, fast-reversing 


Barber-Colman quality motors 


for low-cost servo systems 


utilizing either transistor 


or vacuum tube control 


PEt a 
RE 


FAST-REVERSING 
LOW-INERTIA ROTORS 


HIGH STARTING TORQUE 
ELECTRODYNAMIC BRAKING 


ADAPTABLE TO SPLIT-PHASE 
CAPACITOR OPERATION 


AVAILABLE WITH 2-PHASE OR 
ELECTRONIC CONTROL WINDINGS 


AVAILABLE WITH OPEN OR 
CLOSED GEAR REDUCTIONS 


a-C small motors 








Barber-Colman shaded pole reversible | 


motors are adaptable to a variety of elec- 
tronic control circuits to meet the many 
different requirements of applications de- 
manding a compact, powerful, fast-re- 
versing motor. In many servo systems 
they satisfactorily replace motors costing 
twice as much. Ratings are from .00015 
to .04 hp. For further information write 
for literature on use of these motors in 
servo systems with transistor or vacuum 
tube amplifiers. 


THE WIDE LINE OF BARBER-COLMAN A-C MOTORS 
includes unidirectional, synchronous, and 
reversible types . . . with or without re- 
duction gearing . . . open or enclosed. 
Stator and rotor sets also available. 
Write for quick reference file. 


SEE SERVO MOTOR DEMONSTRATION ...IRE SHOW ...BOOTHS 2242-44 


BARBER-COLMAN COMPANY | 
Dept. O, 1203 Rock Street, Rockford, Illinois | 
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striped for coding purposes. Precision 
Paper Tube Co., 2035 W. Charleston 
St., Chicago 47. 

Circle 557 on Inquiry Card 


CONNECTOR ASSEMBLY 


Number 14 shell (miniature) connec- 
tor, similar to MS 3116 and 3110, has 
cable clamps and strain relief to ac- 
commodate multiconductor cable with 


shield and strain-relief core. Plug is 
provided with inner cable-tension ad- 
justment for crimp fastening of cable 
core. Features: rigid inserts, 16 No. 
20 gold-plated contacts, bayonet cou- 
pling. Shell machined from _high- 
strength aluminum alloy with conduc- 
tive finish. Buggie Facility, Burndy 
Corp., Box 817, Toledo 1, Ohio. 

Circle 558 on Inquiry Card 


STACKING MODULES 


Modular units, for packaging subsys- 
tem circuits, stack to form complete 


systems. Top of stack, fitted with 


adaptor cap, provides convenient con- 
nections to all modules through stand- 
ard connectors. Modular Electronics 
Co., 12941 Prospect Ave., Santa Ana, 
Calif. 

Circle 559 on Inquiry Card 


PREMOUNTABLE 
HARNESS CLAMP 


Clamp takes complete range of harness 
sizes up to 4 in. Dismounting unneces- 
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A PARTIAL LISTING 


OVER 125 
JEDEC TYPES... 
Listed is 
only part of our wide 
range of silicon stacks 
available in almost every 
circuit configuration. 
For complete data 
specify SR-330. 


SPECIFY THE LEADING LINE... N | ERNA I IONAL 
Choose from the industry's widest A . ~ 
line of medium power silicon recti- 
fier stacks. All units are available " 
“off the shelf’’ at your nearest 
Authorized Industrial Distributor or en e. 
SYMBOL OF QUALITY IN SEMICONDUCTORS 


from Industrial Representatives 
throughout the world. 


INTERNATIONAL RECTIFIER CORPORATION: EL SEGUNDO, CALIFORNIA * PHONE OREGON 68-6281 * CABLE RECTUSA 
- wh’ FORT LEE NEW JERSEY. SYRACUSE, NEW YORK. CHICAGO. ILLINOIS, CAMBRIDGE, MASS.; ARDMORE. PENN , BERKLEY. MICH. LOS ANGELES. CALIFORNIA 
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\ 14) Electro Magnetic Pickups 


LALA 


BREAK THROUGH 
HIGH TEMP. BARRIER 


...operate from —300° to +800°F. 


3100 series pickups safely withstand extreme heat 
inside compressor chambers of jet engines. 
in high temperature flow meters. 
under extremely hot oil during 
thermostat testing. 


in missiles where extreme temperatures 
are a problem. 


A self-generating frequency source... 


pickups convert mechanical energy to 
frequency /voltage in proportion to speed of 
ferrous metal objects interrupting their 
magnetic fields. Need no physical contact 
with exciting metal. 


Write for Bulletin CMP-50 and Name of Your EPL Representative 


ELECTRO PRODUCTS LABORATORIES 


Die Cast 


ZINC ALLOY 
Molded 


PLASTICS 


CS =_—) 
Die Cast Zinc Alloy 


So Or 
~~ 


Molded Nylon, Delrin & Other 
Engineering Thermoplastics 


SEA Se 


Coil Bobbins 


Gears & Pinions 


4501-M Ravenswood, Chicage 40 
Canada: Atlas Instrument Corp., Ltd., Toronto, Ontario 


Circle 249 on Inquiry Card 


iny parts 


GEAR & PINION 
GUIDE BOOK 


Gives full specs for hundreds 
of combinations of small 
l-pc. die cast zinc alloy gears 
integral with pinions, shafts, 
spacers, etc. and variations 
to specs. 


GRC’s unique high speed, automated methods give you high quality, uni- 
formly accurate small parts in die cast zinc alloy or molded Delrin, Nylon 





and other engineering thermoplastics . . . at low cost. GRC experience 


and exclusive techniques open the way to new design freedom, new pro- | 


duction and assembly 


ind detailed bulletins 


shorteuts. Write, NOW for 
Send prints for prompt quotation 


wire, phone 


NO MINIMUM SIZE! 


Zine Alloy—13/,” 
Plastic—1'/,” 


long, '/, 02. 
long—.03 oz. 


Maximum 
sizes: 


GRIES REPRODUCER CORP. 


World's Foremost Producer of Small Die Castings 
149 Beechwood Avenue, New \Rochelle, New York ¢ NEw Rochelle 3-8600 


See us at the IRE-Booth +4030 


Circle 250 on Inquiry Card 


samples 


sary for reworking clamp. Used with 
“Ty-Rap” cable ties and _ straps. 
Thomas & Betts Co., 36 Butler St., 
Elizabeth, N. J. 

Circle 560 on Inquiry Card 


BAR-POINTER KNOBS 


knobs which limit parallax 
MIL-K-3926. Available colors, 
black or gray per MS91528B. Turning 


Control 
meet 


radius, 7% in. Dial-skirted and plain 
bar pointer, injection-molded of ac- 
rylonitrile-styrene copolymer per L-M- 
525 and containing aluminum bushing 
per QQ-A-277, anodized per MIL-A- 
8625A. Raytheon Co., Industrial Com- 
ponents Diy., 55 Chapel St., Newton 58, 
Mass. 

Circle 561 on Inquiry Card 


HEAT-DISSIPATING 
TUBE SHIELD 


Shields for Type 9T9 tube bulbs are 
available for such sizes as Sylvania 


6EW7, 6HC8, etc. Provides full-length 
contact between shields, spring-finger 
inner liner and glass bulb surface. As- 
sembly resistant to shock and vibration. 
IERC Div., International Electronic 
Research Corp., 135 W. Magnolia Blvd., 
Burbank, Calif. 

Circle 562 on Inquiry Card 


BALL-BEARING SCREW 


Screws permit limiting travel of nut 
at pre-determined positions with con- 
tinuing rotation of screw. This action 
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Lae ae ee 


~~ 


INTERVAL TIMERS TIME DELAY TIMERS 


NDUSTRIAL 








TIM 


The first space shot with living creatures that returned alive is now history— 
a significant milestone in the conquest of space. 


The two monkeys, placed aboard the rockets to help scientists gather data 
on the probable effects of space travel on man, received unique training on 
the apparatus pictured above. 


They were conditioned to manipulate the lever in response to timed stimuli, 
governed by a 4-unit tandem of Interval Timers by Industrial Timer Corporation. 


This is not the first time our products have been used in medical and psy- 
chological projects. However, they are more commonly found where precise, 
reliable timing of industrial processes is vital. 


Send for literature describing the comprehensive line of Industrial Timer 
Corporation Timers for every industrial application. 


TIMER INDUSTRIAL TIMER CORPORATION 


CORPORATION 


1402 McCarter Highway, Newark 4, New Jersey 


Circle 251 on Inquiry Card 








to nut assembly. Mechanical efficiencies 
for finishing wire leads 


range from 90 to 95 per cent. Actuator 
with ARTOS AUTOMATIC CS-6 


. accomplished by providing stop in 
screw at each end of desired nut travel 
UMe and simple freewheeling device integral 


Operation, Saginaw Steering Gear Div., 
| General Motors Corp., Saginaw, Mich. 
| Circle 563 on Inquiry Card 
| 
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INSULATED COUPLINGS 


Single Conductor Stranded Wire 
RNR 
Single Conductor Solid Wire 


eae 
2-Conductor Parallel 
Stranded Wire 


300 Ohm Television Wire 
SS 
SJ Cord 


ee 
Heater Cord 


~~ (as - 
Shielded Wire with Rubber Jacket 


A new collecting device 

is now available for use on 
the popular Artos CS-6 
wire-measuring, Cutting 
and stripping machine. 
Illustration shows the 

new collecting trough 
(AE-478). Upper trough 
collects wire leads up to 
60 inches long, then empties 
into the lower trough 
after wire has been cut, 


thus saving operator time. 


Production speeds of 3000 finished wire leads per hour up to 
15 inches long. Maximum cutting length is 194 inches. . . strip- 
ping up to 2 inches at one or both ends. Artos also makes ma- 
chines that measure, cut, strip and attach terminals automatically 
at one or both ends. 


Operated by unskilled labor. Errors and work spoilage, due 
to human element, are eliminated. Machines are easily set up 
and adjusted for different lengths of wire and stripping. 


Proved performance. Time-consuming hand stripping jobs 
which once were a bottleneck in many plants are gone forever. 
As a result, Artos automatic wire strippers are paying their way 
in the mass production of television and radio sets, electrical 
appliances, motor controls and instruments of all kinds. 


if you need big capacity on wire lead finishing, WRITE for 
_ descriptive Artos Bulletin No. 36. Engineering consultation 
without obligation. 
VISIT US AT 
BOOTH 4108— 
1.R.E. SHOW World Leaders in Automatic Machines 

for Finishing Wire Leads 


AR 10 Sree rare 


2741 South 28th Street e Milwaukee 46, Wisconsin 
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Phenolic resin couplings AK-4160 with- 
stand over 30 kv and greatly reduce 
ground capacitance. Integrally molded 


stainless steel screw-driver tip fits all 
standard, slotted potentiometer shafts. 
Jan Hardware Mfg. Co., Inc., 38-01 
Queens Blvd., Long Island City 1, 
Ms 3s 


Circle 564 on Inquiry Card 
PANEL FASTENER 


P-series fastener assembly, for remov- 
able panel applications, is readily in- 
stalled with hand or power tools. Can 


oo 
UNLOCKED 


be used in combination with NAS576 
self-locking nuts, press-in nuts or in 
tapped holes. Available in single or 
double lead threads and in thread 
sizes ranging from 4-40NC-3B to 14- 
28UNF. Hi-Shear Corp., 2600 W. 27th 
St., Torrance, Calif. 

Circle 565 on Inquiry Card 


SELF-ALIGNING LOCKNUT 


Compensating fastener, SPS SA16, de- 
velops full rated strength of aircraft 
bolts even though seating surface is as 


much as 8 deg out of perpendicular to 
shank. Full rated strength is 160,000 
psi. Components are alloy steel. Nut 
locking torque meets MIL-N-25027. In 
diam sizes No. 10 through %% in., Class 
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Specify National Acme’s SL2X . . . and eliminate limit switching problems under explosive conditions. Tested and 
certified “explosion-proof” by both Underwriters’ Laboratories and the Bureau of Mines, the SL2X is specifically 
designed for use in the mining, chemical, process industries . . . anywhere explosions cannot be tolerated. Latest of 
National Acme’s dependable SL2 “Machine Life” Limit Switches, the 


- Nati é 
SL2X also offers ... a variety of cam arrangements for extreme opera- ae t e °o a a 


ting flexibility . . . ample overtravel (67°) and by-pass (90°) . . . light THE NATIONAL 


ACME COMPANY 
operating pressure (12% Ibs. at 14%” radius). Get all the details on this new € ™ 2 Gnune con 
standard of limit switching dependability and safety. Call, write or wire. sales Offices: Nework 2, N. J., Chicago 6, lil., Detroit 27, Mich. 
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“Needed A Big Coupling To Lick A 
Tough Job-Got It With A Lovejoy” 


And it’s been going steadily for over 1% years, 16 to 20 hours per 
day—driving between a 350-hp., 400-rpm. synchronous motor and 
a preliminary crusher on which 5 other makes of couplings broke 
down within 6 months. Maintenance during that period amounted 
to one dusting, solely for the purpose of the above photograph. 


These facts come from a large midwest cement company where 
clinkers hard enough to cut glass are ground. Other conditions are 
dust and abrasion, .065 parallel and 2° angular misalignment. 


On this and other heavy duty applications, Lovejoy Couplings are 
saving initial costs, eliminating maintenance and lasting longer. 
For instance: 


Lovejoy CF 280 mounts directly 
to flywheel of engine to provide 


aa | compact drive connection to 
| ii gear box on giant crawler crane. 
. ‘ 


Lovejoy CF 400 provides direct 
drive from a 12-cylinder, 
400-hp. diesel to a 4-cylinder 
double compressor. 


= , 
Remember, too, that Lovejoy Flexible Couplings require only a 
straight edge to quickly and properly align. 


Get the facts. Give us your requirements, and we'll recommend 
the right coupling—fractional to over 4000 hp. 
Request Catalog C-58. 


LOVEJOY FLEXIBLE COUPLING CO. 


4802 WEST LAKE STREET CHICAGO 44, ILLINOIS 
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3B NC and NF thread series. Standard 
Pressed Steel Co., Jenkintown, Pa. 
Circle 566 on Inquiry Card 


MINIATURE STAKE NUTS 


Minimum thickness requirements for 
the miniature floating and non-floating 
stake nuts are 0.040 and 0.030 in., 
respectively. Push-out, torque-out and 


MK 7200 MF 7200 


thread-locking features meet MIL-N- 
25027. Single-hole installation. Kaylock 
Div., Kaynar Mfg. Co., Inc., Box 2001 
Terminal Annex, Los Angeles 54. 
Circle 567 on Inquiry Card 


LIMIT-STOP ASSEMBLY 


Assembly provides fully adjustable ro- 
tational-limit control within range of 
30 to 4530 deg. Shaft size, 46 in. with 


ball or oilless bronze bearings. Unit, 
134 in. diam. Adjustment by setting of 
series of washers, each governing 300- 
deg rotation. PIC Design Corp., 477 
Atlantic Ave., East Rockaway, N. Y. 
Circle 568 on Inquiry Card 


TAKEUP FRAMES 


“Multi-Bearing” takeup frames are 
available in 11 sizes to accommodate 
any type of bearing in any two-bolt 
pillow block with mounting holes up 


a 


to 5¢ in. Allow horizontal bearing ad- 
justments from 6 to 24 in. Will mount 
143 bearing shaft sizes from 54 to 27 
in. Link-Belt Co., Prudential Plaza, 
Chicago 1. 


Circle 569 on Inquiry Card 


SPEED REDUCERS AND 
GEARHEADS 


Size 11 frame units are 95 per cent 
efficient. Lifetime-lubricated units con- 
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This 24” diameter coil wound with 18 pounds of #.064x.130CCHEP rectangular magnet 
wire, is entirely self-supporting because it’s made of Anaconda’s new cement-coated 
epoxy magnet wire. The outstanding bond strength of this wire is stable at high 
temperatures, too, so coils can be removed from the oven and handled while still 

hot without danger of deforming. 


new CEMENT COATED EPOXY 
magnet wire makes possible / 
coils that hold their 
shape without support, 
hot (200 C) or cold 


The secret’s in the bond strength. Anaconda’s new 
130 C (Class B) cement-coated epoxy magnet 
wire forms a bond so strong that the coil is com- 
pletely self-supporting. 

No ties or braces are needed at any temperature 
up to 200 C. In fact, it can be removed from the 
oven at 200 C and dipped in encapsulating mate- 
rials without losing its shape. Both ways you save 
on production costs. 

The unique Anaconda epoxy cement coating 
softens just enough to bond each wire firmly to 
adjacent wires. The higher the temperature (to 
200 C) the stronger the bond. It’s a contact bond 
with minimum flow. 

And the inherent dielectric properties and lim- 
ited flow of the epoxy cement actually contribute 
to the electric strength of windings. Thus you can 
use cement-coated epoxy wire with little or no in- 
crease in overall diameter of the wire. 

More advantages: Anaconda cement-coated 
epoxy magnet wire won't hydrolize in enclosed sys- 
tems; it’s completely compatible with standard 
transformer oils, varnishes, insulation and encapsu- 
lating materials; it’s available in all sizes of round, 
square and rectangular, in spools, reels, pails or drums. 

For more information about Anaconda cement- 
coated epoxy magnet wire, contact Anaconda Wire 
and Cable Company, 25 Broadway, New York 4, 
New York, Department EFL-1-ET. 


ASK THE MAN FROM 


ANACONDA 


FOR CEMENT-COATED EPOXY MAGNET WIRE 
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NOW FROM 3M RESEARCH 


Two new unique 
tubing discoveries 


SCOTCH TITE 


Heat Reactive Tubing for class A applications 


Slips on loose Shrinks with heat 


Now you can add a tough, smooth, protective vinyl covering to bus bars, wire 
harness, ground cable, coils, even odd-shaped objects with “SCOTCHTITE” 
Heat Reactive Tubing. Just slip “SCOTCHTITE” Tubing over the object to be 
covered—apply heat—and almost immediately the tubing contracts to form a 
skin-tight seamless wrapping. Provides top electric strength along with resist- 
ance to chemicals, flame, and abrasion. Available in sizes from 3/64 to 5% 
inches in diameter. “SCOTCHTITE” Tubing is economical in comparison with 
other materials and easy to use on production operations. 


TemfleX sen 


Transparent Tubing for high temp and UL applications 


A new crystal-clear tubing that offers exceptional stability—retains its trans- 
parency even under heat, light and aging. “Temflex” Brand Transparent Vinyl 
Tubing No. 105 lets you easily color identify and read printed information on the 
wires it protects. “Temflex” tubing remains extremely flexible in a temperature 
range from 105° to -10°C.; it is fungus-resistant and flame-retardant, and highly 
resistant to cut-through. Will not corrode copper. Available in sizes from #24 
to 2% inches in diameter, in lengths up to and over 1,000 feet, “Temflex” is 
ideally suited to production line operations. 


FREE SAMPLES: for a free sample and technical information on 
“SCOTCHTITE” Heat Reactive Tubing or “Temflex” Vinyl Tubing No. 105, 
write: 3M Co., Irvington Division, 900 Bush Ave., St. Paul 6, Minn. Dept. EBK-31. 


Irvington Division 


**SCOTCHTITE’*, **IRVINGTON AND **TEMFLEX ARE REGISTERED TRADEMARKS OF 3m CO ST. PAUL 6, MINN, 


he 
Miienesora (finine ano Mianvracrurince company 
...WHERE RESEARCH IS THE KEY TO TOMORROW 
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tain ABEC-7 ball bearings and shielded 
output bearings. Gears and pinions 
hardened and passivated to meet cor- 
rosion-resistance requirements. Sleeve 
bearing units and internal slip clutches 
available. Planet Instrument, Inc., 616 
S. LaFayette St., Fort Wayne, Ind. 
Circle 570 on Inquiry Card 


MECHANICAL VARIABLE- 
SPEED DRIVES 


“Vari-Master,” in three sizes from 1 
to 10 hp with up to 8:1 speed varia- 


tion ratio, is available in drip- 
proof and totally-enclosed construction. 
Standard NEMA C-face motor with 
shaft extension is required. Western 
Gear Corp., Box 182, Lynwood, Calif. 
Circle 571 on Inquiry Card 


TORQUE MOTORS 


Motors for use in’ brakes, cams, 
clutches, etc., come in ranges from 1.5 


to 160 oz-ft, 110 to 550 volts a-c, 115 
and 230 volts d-c. Howell Electric 
Motors Co., 16316 W. Seven Mile Rd., 
Detroit 35. 

Circle 572 on Inquiry Card 


ELECTRONIC ADJUSTABLE- 
SPEED DRIVES 


Series 25 drives consist of Sizes 3 and 
4 rated at 3 and 7144 hp max, respec- 
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dreams up a gear train 


The Amplexologist designed this gear train 
(plus ten other parts) especially for powder 
metal production—at the request of a 
manufacturer who called him in at the 
design stage. All (except the helical gear) 
are finished precision parts which require 
only shaving. Estimated savings; 86%. 
Sound interesting? Call the Amplexologist. 


/@ amprex 


DIVISION 
CHRYSLER 


CORPORATION 
DETROIT 31, MICHIGAN 


ne 


SEND FOR THE SECRET 


cen ee 


qT ENGINEERING MANUAL 

45 pages of technical information: How 
OF THE to determine correct applications for 
ee metal parts, bearings, filters. 


ee Aas 


2 NEW BEARING STOCK LIST 
20 pages. 1066 standard sizes of Oilite self- 
lubricating bearings— bearing material. 
Selection guide, engineering data. 


Circle 257 on Inquiry Card 


CONSTANT voitTacEe 
CONSTANT CURRENT 


PROGRAMMABLE 


CROSSOVER 


Model 4005 is a 1-40 volt, 

500 ma, regulated DC 

$1435°° power supply incorpo- 

rating AMBITROL.* The 

F.0.8. AMBITROL* circuit will 

FACTORY switch automatically to 

either voltage regulation or 

Other Models current regulation at any 

Available point predetermined by the 

Write For operator, with continuous 

Catalog control of voltage or cur- 
*T™ rent to .05%. 
a 


1700 SHAMES DRIVE 
WESTBURY, NEW YORK 
EDgewood 3-6200 (LD Area Code 516) 
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(rr Knobs 


Ae LU 


Standard 
Sizes 


Molded of thermosetting phenolic or urea materials. 
Available in 4 standard sizes with nickel plated brass 
inserts for %” or 4%” diameter shafts. Aluminum deco- 
rative inserts or skirts, etched and filled as desired... 
various anodized finishes, plain or radially spun. Write 
for new catalog illustrating Rogan’s complete line of 
stock molded knobs. 


ROGAN BROTHERS, Inc. 
8027 N. MONTICELLO ¢ SKOKIE, ILL. 


Specializing In Stock Molded Knobs Since 1939 
St 9 OO A RR RES oR SLL REE 
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for 
protection 
on light 
metals 


PROCESS ENGINEERED 
GENERAL CHROMATE CONVERSION COATINGS 


Iridite protects against high altitude 
weather extremes and against corro- 
sion by hydrocarbon fuels, such as 
gasoline and kerosene. 


Iridite provides a highly protective 
non-porous paint base. 


Iridite protects against corrosive 
storage conditions. 


LOCKHEED ELECTRA | 


And, Iridite gives you these 
additional advantages: 


ON ALUMINUM—needs only normal pre- 
cleaning. Film withstands cold forming 
or bending. Easily heliarc welded. 
Unusually low electrical resistance. Clear, 
yellow or dye-colored finishes. 


ON MAGNESIUM—short immersion, room 

temperature solution, no electrical equip- 

ment. Corrosion protection relatively 

unaffected by high drying temperatures. 

Applicable to all alloys. Low electrical 

CONVAIR- resistance. Color ranges from light gray 
ASTRONAUTICS § to dark brown. 


a 
ee 


IRIDITE—a specialized line of chromate 
conversion coatings for non-ferrous 
For complete infor- metals. Easily applied at room tem- 
mation on Iridite, peratures with short immersion, man- 
a Med = ually or with automatic equipment. 
eld Engineer. He's SS . ° 
listed under “Plating — Forms a thin film which becomes an 
Supplies” in the integral part of the metal. Cannot 
yellow pages. Or, j . : . 
fe — oe or peel; ge ng ae 
NICAL DATA FILES. exhaust systems or highly trained 
personnel not required. 


tridite is approved under government 
and industrial specifications. 


Allied Research Products, Inc. 


4004-06 EAST MONUMENT STREET ¢ BALTIMORE 5, MARYLAND 

BRANCH PLANT, 400 MIDLAND AVENUE © DETROIT 3, MICHIGAN 

West Coast Licensee for Process Chemicals: |. H. Butcher Co 

European Agent: Sture Gronberger, Storgaton 10, Stockholm, Sweden 

Chemicol ond Electrochemico! Processes, Anodes, Rectifiers, Equipment ond Supplies for Metal Finishing 


ToD°| CINID*| CD"| ED*| CID 
Supplies Equipment 


Chromotes Cootings Brighteners 
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tively. Drives use d-c motors powered 
by two thyratrons in full-wave circuit. 
Speed ranges up to 100:1 attainable. 
Magnetic-amplifier control of thyratron 
tubes will hold rpm within 3 per cent 
of set speed under widely varying 
loads. Time drift after warmup, 0.2 
per cent. Features reversing and dy- 
namic braking. Cleveland Machine 
Controls, Inc., 1155 Brookpark Rd., 
Cleveland 9, Ohio. 

Circle 573 on Inquiry Card 


BUSINESS-MACHINE MOTOR 


Twenty-six Frame series of 3 in. induc- 
tion motors for office machines is de- 
signed with 24-slot stators instead of 


conventional 16 to achieve more con- 
stant torque and quietness. Porous 
bronze or ball bearings available. Steel 
shaft 1% in. diam. Four-pole units avail- 
able up to 40 hp, two-pole units up to 
% hp. Length varies from 3'%¢ in. to 
5‘46 in. Howard Industries, Inc., Dept. 
31, Racine, Wis. 

Circle 574 on Inquiry Card 


MINIATURE BALL-BEARING 
MOTORS 


The DS-105 group consists of continu- 
ous or intermittent-duty motors which 
meet JAN specifications and are ap- 
proved per military specifications. Can 
be built for a-c or d-c operation. Input 

(Continued on page 253) 
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L1G reasons why we can help you put 
your finger on the right plastic faster 


eee ean i 
§$S 5 | Prenouite® laminates... 


Laausisnninesnenll 


| 16 |grades of Vulcanized Fibre... 


Ranenecnsniieneteniasill 


This will give you an idea of how 
surely National can help you pin- 
point exactly the plastic you want. 
National has the broadest line in 
the industry, including standard 
forms, precision - fabricated parts, 
and a huge stock of many grades 
ready for immediate shipment. For 


ADEMARK FOR THEIR ACETAL RESIN 


fast help, samples, or more informa- 
tion, contact your nearby NVF sales 
office. You’ll find the phone number 
in Sweet’s Product Design File 
2b/Na. Or write NVF, Dept. I, 
Wilmington, Del. It’s a direct line 
to the one best material per dollar 
of design performance. 


© T PENTON IS A HERCULES TRADEMARK FOR THEIR CHLORINATED POLYETHE 


| 12] grades for printed circuits... 


NVE e 


NATIONAL VULCANIZED FIBRE COMPANY 
w t 


MinGtToON 99 DELAWARE 


in Canada: NATIONAL FIBRE COMPANY OF CANADA, LTD., Toronto 3, Ontario 





YON DESIGN ENGINEER HATH A WOEBEGONE LOOK 
— PRITHEE, WHY ? 


Ah, therein lies a most tragic tale. 
Yon design engineer hath created — 
out of his own imaginative genius. 
mind you — that miracle of miracles, 
that summum bonum — 

You mean —? 

Precisely. I mean a better chrono- 
digitator. 


Come. come! If this engineer hath 
indeed created a better chronodigitator, 
why doth he not sing for sheer joy. why 
not click together his heels just for the 


uh—heck of it? Why is he woebegone? 
Tis a sad story. 
Out with it, man! 


Methinks his chronodigitator is too 
good to be true. He hath envisioned a 
super-chronodigitator which requires, 
alas, a multiple-program, adjustable 
cycling timer. 


This super timer must be able to 
change program sequence and timing, 
in minutes with standard parts, even 
after installation. It must synchronize 
the operation of as many as twenty 
independent load circuits, with OFF-ON 
switch points field adjustable to factory 
standards! Yet, woe is he, its cost must 
not be out of this world. Now where, 


sire—? 


Where can he find such a timer? Ah- 
ha, and possibly ho-ho! At a manufac- 
tory yclept Cramer Controls Corpora- 


tion in Connecticut. 


They will provide him with their Type 


540 timer in any of hundreds of different 
speeds to give timed actuations from the 
first second to the twelfth-night and 
beyond. Plus a neat litthe wench — er 
wrench — to change cam settings and a 
big vernier knob to assure precise oper- 
ations — within one-half of one per cent 
of full cycle time — right in the field. 
Ha! Even the actuator is adjustable! 

What? I didst know this Cramer 
Controls Corporation as a most excel- 
lent company, unequalled for syn- 
chronous timing motors, miniature 
direct current motors and elapsed time 
indicators, but — 


But me no buts! Instead, fly to yon 
design engineer, tell him to be woebe- 
gone no more. At Cramer he will find 
control magicians! A research and de- 
velopment group after his own heart 
creative. imaginative, ingenious! 


Forsooth! 


Tell him if he but write. a man from 
Cramer will be at his desk or drawing 
board forthwith! A man of great SAVVY 
(prithee pardon the expression) in pre- 
cisely such problems as his. 


I fly! 


Wait! Tell him also to write for the 
data-filled bulletin PB-540. Posthaste! 

Zounds! You have helpt give birth 
to a new and better chronodigitator. 


What else? 


CRAMER CONTROLS CORPORATION 


ELECTROMECHANICAL DIVISION 


2&2 


CENTERBROOK, CONNECTICUT 
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1 Cramer precision drive motor 
... high torque, truly synchronous oper- 
ation, instant stop-start. 


2 Precision-hobbed gear linkage 
... inexpensive gear rack permits vari- 
ous speeds from same motor. 


3 SPDT load switches 

...from 3 to 20, rated 10 amps, in 
molded plastic shells each attached by 
one screw. 


4 Precision-cut cams 
... split design, easily adjustable from 
2% to 98% of full rotation. 


5 Vernier dial 
...achieves field-setting accuracy of 
0.5% of full cycle time. 


6 Extruded aluminum base , 
...acts as conduit to protect all switch 
wiring. 
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from 6 to 115 volts. At 8000 rpm, d-c 
motor develops Yoo hp, a-c motor de- 
velops 400 hp. Weight, 11 oz. Diameter, 
1.687 in. Heinz Mueller Engineering 
Co., Inc., 4725 W. Iowa St., Chicago 51. 

Circle 575 on Inquiry Card 


FHP MOTORS 


Line of motors is available in %0, “4 
Ve, Vi, V4, Ys, Yo and %4 hp ratings. 
Capacitor-start, split-phase and_poly- 
phase units are in frame sizes 48 and 


56; repulsion-start induction-run mod- 
els in frame size 56. Ball bearings are 
double-shielded, permanently — lubri- 
cated. Thermal protectors operate in 
event of excessive motor temperature 
or excessive current input. Mounting 
is provided for either manual or auto- 
matic reset types. Reliance Electric 
and Engineering Co., 24701 Euclid 
Ave., Cleveland 17, Ohio. 

Circle 576 on Inquiry Card 


FHP GEARMOTORS 


Four-pole motors, designated VW22, 
are available in %0, %o and Yoo hp; 


speeds range from 1 to 200 rpm. Start- 
ing torque varies from 0.5 to 126 in.-lb 
for 100-hp motor. Unit weighs 4 lb, is 
6 in. long, 34% in. diam. Operates on 
115 volts, 60 cps. Von Weise Gear Co., 
9353 Watson Industrial Park, St. Louis 
26, Mo. 

Circle 577 on Inquiry Card 


CHRONOMETRICALLY- 
GOVERNED D-C MOTORS 


Independent of load, line, and tem- 
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perature variations and rated at 1.5 
ary ot ee volts, motors operate for over 2 yr on 
=_ flashlight battery. As clock drive, 150- 


rpm constant speed maintained within 


‘50 of 1 per cent with input range of 
ro uC 9 to 18 volts. Dimensions, 134 in. x 
2% in. x ¥% in. Weight, 3 oz. Windings 


available for operation from 0.5 to 12 
volts d-c. A. W. Haydon Co., Water- 
bury, Conn. 

Circle 578 on Inquiry Card 


SYNCHRO 

Model 1085 synchro receiver is Size 
11 unit. Applications, hydraulic pres- 
sure indicators and torque indicators. 





NOW AVAILABLE - 
NEW SIZE H-44 
electro-magnetic 


DISC BRAKES 


Prompt 
Shipment 


\ Torque—3 Ib-ft. max. 
\ Weight-5' Ib 


Input, 26 volts at 400 cps and 0.4-watt 
power consumption. Output, 11.8 volts 
max. Repeater positioning error, less 
Exclusive than 30 min. There are 115-volt types 
Stearnetic available. Length, about 1.6 in. with- 
unitized | out shaft. Weight, 234 oz. Courter 
construction, | Products Div., Model Eng. & Mfg., 
and | Ine., Boyne City, Mich. 

“'Visi-Wear- Circle 579 on Inquiry Card 


I . ” 
ane | HIGH-COBALT 
as | ALNICO MAGNET 


ee ; 
de Isothermally-treated alnico of high 
cobalt content has coercive strengths 


over 1300 oersteds and energy levels 
MORE TORQUE PER POUND... over 4,000,000 gauss-oersteds. Material 


MORE TORQUE PER CUBIC INCH! | said to allow design of smaller mag- 


netron tubes, backward-wave oscillators 


THE NEW STEARNS “H-44’s” are spring set—solenoid and smaller-diameter electric motors. 
released disc brakes that mount on NEMA “C flanges | Thomas & Skinner, Inc., 1 No. LaSalle 
of ‘40 frame” fractional hp electric motors . . . provide | St., Chicago 2. 
fast, smooth, quiet stops—‘‘failsafe”’ operation . . . com- Circle 580 on Inquiry Card 
bine higher torque with minimum size -_ weight. : | ALUMINUM-COATED 

THE NEW STEARNS “H-44’s” are available for either | STEEL WIRE 

AC or DC... in Standard, or Dustight-Waterproof en- | Coated steel wire, for applications 
closures . . . operate horizontally or vertically ... are also where strength, electrical conductivity 
available with brackets for floor mounting. and corrosion resistance are required, 


: has solid-phase bond established be- 
Specify THE NEW STEARNS “H-44’s” with complete 
confidence—they have been fully life-tested, and Jnstalla- 
tion-Proved for long, trouble-free, dependable operational 
life with a minimum of maintenance. 


Request Stearns New Product Preview 1-61-B 


The Complete Line of Electromagnetic Clutches — Brokes — Clutch-Brokes 
SINCE 1917-THE CHOICE OF LEADING MOTOR AND MACHINERY MANUFACTURERS 
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| 

YES, the bearings illustrated 

are identical, except for de- 

gree of precision. Because of | 

the precision differences, there | oo 

is a substantial difference in | 

cost . . . NICE can provide | in 
i 
| 
| 


Laminated Plastics 
From One Source 


bearings incorporating any 
degree of precision between 
the higher priced ‘ground all 
over" series 1600 and the low 
cost “unground” series 3000. 


Typical Pa 
ground" series 
3000 le atta) 


COST REDUCTION \\\ Gea 
is Today’s No.1 | ae 
Design Problem 


..-and NICE 


Can Help — 
Lower ay PRECISION THAN YOUR BEARING 


APPLICATION REQUIRES? The spe- 

cific requirements of your particular 

application should determine 

WRITE FOR the precision features of the 


bearing you use. 
CATALOG NO. 190 


NICE BALL BEARING CO. 


Sea DUC ee eee IL) 





An Example of 


HE ART __ | Synthane You-shaped Versatility 


From the day this plant started it has been 
: Di SEASE shaped by the needs of customers like you. And 

so you find under one roof at Synthane your 
complete answer in laminated plastics—sheets, 
rods, tubes, molded-laminated, molded-macer- 
ated and fabricated parts. Synthane has all the 
facilities necessary for designing and producing 
tools, dies, jigs and fixtures for fabrication, a 
mine of information on the proper methods for 
machining laminated plastics. Versatility from 
one source. One high quality. One responsibility. 


You-shaped Versatility makes Synthane a Better Buy in Laminates. 





Synthane Corporation 17 River Rd., Oaks, Pa. 
Gentiemen: 

Please send me information relating to Synthane as a source 
for laminated plastic materials and parts. 


Name 


Address 
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tween aluminum and steel that permits 
drawing and fabricating. Aluminum 
coating constitutes 20 to 60 per cent of 
total cross-sectional area. Process per- 
mits a broad range of wire diameters, 
strengths and coating thicknesses. Na- 
tional-Standard Co., Niles, Mich. 

Circle 581 on Inquiry Card 


HIGH-TEMPERATURE 
MAGNET WIRE 


Type FX magnet wires are highly abra- 
sion-resistant and operate continuously 
in excess of +-260 C. Cross-linked poly- 
nfer insulation overcomes problems of 


withstand temperatures to 3500 F; is 
unaffected by water. In sizes 14 AWG 
to 1000 mils. H. K. Porter Co., Inc., 
Porter Building, Pittsburgh 19, Pa. 
Circle 584 on Inquiry Card 


GLASS INSULATOR 


Tissuglas insulating sheet is for use as 
component for printed-circuit material, 


as gaskets and mounting. Resistant to 
oil and degreasing compounds. Avail- 
able in 9-in. squares in up to ¥-in. 
thick sheets. Industrial Electronic Rub- 
ber Co., 31945 Aurora Rd., Solon 39, 
Ohio. 
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VINYL-COATED 
ACOUSTICAL FELT 


Perforated vinyl-coated felt is flame- 
proof, with coating on one side to 
eliminate surface fiber shedding. Per- 
forations are spaced on 0.812 in. cen- 
ters. Material is 14 in. thick, available 


cold flow and resistance to impregnat- in plain gray or black vinyl. Western 
ing and potting. In Sizes 14 to 44 AWG Felt Works, 4021 Ogden Ave., Chicago 
in single-coat insulation. Wire exceeds .* , : ° 23. 
requirements of MIL-W-583B. Hitemp ' 
Wires Co., Div. of Simplex Wire & 
Cable Co.. Westbury. N. Y. 
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PLASTIC RODS 


Du Pont Zytel 31 rods are available in 
14 to 3 in. diam in natural colors, are 
grade nylon, A. L. 
Grenloch, Be 

a 583 on Inquiry Card 


INSULATED CABLE 
Type K cable, 


silicone rubber, 
glass and 


Circle 587 on Inquiry Card 
EPOXY CURING AGENT 


Leecure, for use in 2:1 ratio with 
resins having an epoxy equivalent of 
about 190 (such as Epon 828, Epi- 
rez 509 and Araldite 6010), is suited 
for potting, impregnating and encap- 
sulating applications. Viscosity, 8500 
centipoises at 25 C. One-month pot 
Circle 585 on Inquiry Card life. Curing rates controlled by tem- 
perature variation or addition of small 
CLOSED-CELL SPONGE quantities of activator. For wide range 
Viton and Fluorel sponge compares in of flexibility, toughness and hardness, 
softness to very-soft rubber of about 


may be used with other agents such as 
20 Durometer (Shore A). Application hexahydrophthalic anhydride. Leepoxy 


base for electroluminescent lamps and 
strain gages. Melting temperature is 
above 1200 F; thicknesses vary from 
0.0006 to 0.012 in. Pore sizes range 
from 8 to 90 microns. American 
Machine & Foundry Co., Springdale, 
Conn. 


the electrical 
Hyde Co.. 


insulated with extruded 
is wrapped with spiral 


Cable _ will 


asbestos tape. 


ARROW 


NOW, Reliable, accurate 
overload protection regardless 
of HEAT or COLD! 


For All Arrow-Hart 
“RA” Magnetic Starters 


AMBIENT 
COMPENSATED 


OVERLOAD RELAYS 
with “Balancing Bi-Metal” 
exclusive with 


ARROW-HART 


Nema Sizes 0 through 5 





Plastics, Dawkins Rd., New Haven, 


Ind. 
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EPOXY MOLDING RESIN 


EPI-ALL 128, a high-impact-strength 
molding compound, exhibits good elec- 
trical properties when transfer or com- 
pression molded. Flexural strength is 
20,000 psi, storage life is 30 days at 
75 F. Dissipation factor at 1 me is 
0.016, electric strength is 340 volts per 
mil. Mesa Plastics Co., 12270 Nebraska 
Ave., Los Angeles 25. 
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LUBRICANT COATING 


Bonded lubricant coating ‘“Molykote 
PVE”, requiring neither chemical nor 
mechanical surface pre-treatment, dries 
within 5 hr at room temp. Lubricating 
element, fine-particle molybdenum di- 
sulfide powder. Thickness, 0.00008 to 
0.001 in. Friction coefficient, 0.03 at 
10,000 psi. Operating temperature, 
—300 to +600 F. Alpha-Molykote 
Corp., 65 Harvard Ave., Stamford, 
Conn. 
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LIQUID EPOXY RESIN 

Epotuf ED-1025, resin for electrical and 
for coating uses, can be cast under high 
vacuum for impregnation of coils or 


motor windings. Resin is 100 per cent 
reactive; non-volatile; boiling point is 
over 150 C at 5 mm Hg. Reichhold 
Chemicals, Inc., White Plains, N. Y. 
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EPOXY-GLASS INSULATION 


Epoxy-Glass 2525 retains high electric 
strength and _ flexibility under  con- 
tinuous Class-F temperatures; material 


is compatible with Class F magnet 
wires and most epoxy systems. Will 
not contaminate or degrade transformer 
oils. Suitable for use on military units 
designed for short-term operation at 
Class-H temperatures. In slit tapes, 
sheets or full 36-in. widths in thick- 
nesses of 0.003, 0.007 and 0.010 in. 
Minnesota Mining and Manufacturing 
Co., 900 Bush Ave., St. Paul 6, Minn. 
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CERAMOPLASTIC 


“Supramica” 620 BB electronic insula- 


tion operates to temperatures up to 
1200 F, molds to intricate shapes and 
provides hermetic seal. Resistant to 
nuclear radiation. Impervious to humid- 
ity, oil, water and organic compounds. 
Electric strength, 270 vpm. Arc resist- 
ance, 300 sec. Electrical loss factor, 
0.020 at 1 me. Electrical resistance, 
100 megohm-cm at 932 F. Thermal ex- 
pansion factor matches that of many 
metals. Mycalex Corp. of America, 
Clifton Blvd., Clifton, N. J. 
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POLYURETHANE SEALANT 


Sealant 829-901 requires no mixing or 
curing accelerator, withstands tempera- 
tures from —75 to +150 C. Material 
is flexible on aging, has good resistance 
to chemicals. Inert to corrosive atmos- 
pheres, sealant has excellent adhesive 
properties. E. I. du Pont de Nemours & 
Co., Wilmington, Del. 
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FLEXIBLE INSULATION 
COMPOSITES 


Mylar and rag paper laminates made 
with EL-20 adhesive withstand heating 
for 96 hr at 125 C or 1 hr at 125 C, 
followed immediately by 3 hr at 175 
C without delamination or ply adhesion 
loss. Mylar and Quinorgo laminates 
with EL-5B withstand 96 hr at 125 C 


ONTROLS 


TYPICAL WeATER operate equally well with either quick-trip or reg- 
ular types. The switching mechanism itself em- 
ploys the same positive snap-action featured in all 
A-H Overload Relays. Calibrating screw permits 
precise adjustment at the factory and needs no 
further adjustment. Available in ratings from 25 
to 300 amperes, continuous current, these new 
Ambient Compensated Relays can be supplied 
with all sizes of Arrow-Hart ““RA’”’ Magnetic 
Starters . . . or as individual units for use as sepa- 
rately mounted relays. 


CAUBRATING SCREW COMPENSATING BI-METAL 


FACTORY SET AND SEALED 


FOR COMPLETE INFORMATION AND 
ENGINEERING DATA .. . write now to The 
Arrow-Hart & Hegeman Electric Company, Dept. 
ET, 103 Hawthorn St., Hartford 6, Conn. 


Here for the first time is a compact, dependable 
overload relay that compensates for both heat and 
cold. As shown here, the balancing or compensat- 
ing bi-metal and the working bi-metal are identi- 
cal in size and construction and are joined by a 
coupling bar. As the ambient temperature rises 
above or falls below 72°F, the balancing bi-metal 
operates through the coupling bar to maintain the 
same tripping time over a temperature range from 
—20°F to +165°F. Compensating action is fully 
automatic. Relays use standard A-H Heaters and 
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Motor Controls * Wiring Devices + Appliance Switches « Enclosed Switches 





Write for 
Bulletins No. D-73 
and D-75 
or see 
Sweet's Electrical 
Catalog— 
Section 5b 


ilent.. sure... 
M ercll ry works better 


for you in Durakool Contactors 


Timer Relays-Switches 


All-Steel bodies with welded seals are rugged. 
Hypressure Hydrogen Gas, permanently sealed 
inside, quenches arc, dissipates heat, insures low 


contact resistance. They just keep working. 


CONTACTORS 


Designed to handle heavy inrush currents. 
Silence is wonderful for studios and theaters. 
Enclosed contacts safest for explosive atmos- 
pheres. Up to 100 ampere continuous capacities. 


1, 2 and 3 pole combinations. 


TIMER RELAYS 


Durakool engineered metering system designed 
to be tamper-proof and dependable. Single 
moving part assures trouble-free operation. 


1, 2 and 3 pole combinations. 


SWITCHES 


Work in any position around diameter. 1 
ampere sizes are mercury to metal design, 
over 1 ampere are mercury to mercury. Avail- 
able uninsulated or insulated in any of a 


variety of materials. 


Dura AC o 


Elkhart, Indiana, Durakool, Inc., 1018 N. Main St. 

Chicago, Illinois, Durakool, Inc., Rm. 528, 333 N. Michigan Ave. 

Los Angeles 28, Calif., R. Meussdorffer & Asso., Suite 1, 3491 Cahuenga Blvd. 
Montreal, Que., Canada, Measurement Engineering Ltd., P. 0. Box 1352, Sta. 0. 
Newtonville, N. Y., Walter F. Haines, Apple Tree Lane 

New York 70, N. Y., Durakool of New York, 4747 Bronx Blvd. 

San Francisco 3, Calif., Fisher Switches, Inc., 40 Gough St. 

Toronto 12, Ont., Canada, Measurement Engineering Ltd., 1969 Avenue Rd. 
Hatboro, Pa., Raymond H. Barnes, 422 Tanner Rd. 
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and resist effects of strong solvents. 
Dacron and Mylar composites with 50, 
70 and 100 per cent saturation show 
tensile strength to 182 lb per in., heat 
resistance for 96 hr at 135 C. Arvey 
Corp., 300 Communipaw Ave., Jersey 
City 4, N. J. 
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TEXTURED METALS 


Norman texture is available in ah 
metals and many finishes. Can be fur- 
nished to 12 in. wide, any length in 
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HD 
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sheet, strip or coil. Average texture 
depth is 0.010 in. Windsor texture also 
available in widths to 36 in., with aver- 
age texture depth of 0.007 in. Both tex- 
tures resist mars, dents, scuffs and 
fingerprints. Available in standard and 
special perforations for acoustic appli- 
cations. Ardmore Products, Inc., 195 
Aldene Rd. & First Ave., Roselle, N. J. 
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VARIABLE-SETTING 
TEMPERATURE OVEN 


Model BG-200-4N oven for temperature 
compensation of diodes, crystals and 
other electronic circuitry measures ap- 
proximately 4 in. high and 114 in. diam, 
and is closely regulated by hermetically 


sealed snap-action thermostat. Plug-in 
epoxy terminal board, for individual 
prototype engineering or production 
packaging, is removable. Variables in- 
clude temperature settings from 25 to 
100 C, +3 C; voltages from 6 to 117 
volts d-c or a-c at 60 or 400 cps; heater 
power requirements from 5 to 20 watts. 
Ambient temperature range, —55 to 
+95 C; non-operating ambient tem- 
perature range, from —70 to +100 C. 
Bulova Watch Co., Electronics Div., 
40-01 61 St., Woodside 77, N. Y. 
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MOLDED PUSHBUTTON 
SWITCH 

Series S6 switches are designed for ap- 
plications below 50 watts. Rated 14 
amp at 115 volts a-c resistive, 2 amp at 
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Accuracy 


CONOVER-MAST PURCHASING DIRECTORY, with 
its constant check of telephone numbers, is brought con- 
tinually up to date. If a manufacturer moves or goes 
out of business the telephone companies are the first to 
know. (CMPD is the only major industrial directory 
that includes telephone numbers.) 


Completeness 

In CMPD secondary product headings are cross indexed 
to the one complete heading. There are no misleading, 
incomplete minor headings. - 
Convenience 

CMPD lists all industrial products, but only industrial 
products. It is complete in one volume to conveniently 
serve the industrial buyer. 

Size ratings 

In CMPD (and only CMPD among major industrial 


directories) size is shown by employment—a current and 
meaningful gauge. 


Conover-Mast 
Purchasing Directory 


205 E. 42nd St. New York 17, N. Y. 
MU 9-3250 





NOW 


Design your own Voltage 
Regulating Transformer with 


NEW Sorensen Series M 


A new concept in magnetic regulator engineering — 


custom design at standard model prices and delivery. 


Sorensen's new Series M line of magnetic voltage regulators offers you 
a choice of thousands of design combinations to meet your specific 
requirements for line, filament or power supply application. 

Line regulation to + 1%. Complete line isolation. Low external field. 
Four convenient case styles. Output ratings from 10 to 10,000 VA. In- 
cludes all popular a-c voltages and windings rated for d-c supply service 
at voltages from 2.3 to 1000 vdc. Harmonic filtered units available. 


Get complete information on this new con- 
cept in voltage regulating transformers today. 
Write for Sorensen’s 10-page Series M bulletin. 
Sorensen & Co., Richards Ave., South Norwalk, 
Connecticut, or contact your local Sorensen 
representative. 11 


The widest line — your wisest choice 


A SUBSIDIARY OF RAYTHEON COMPANY 
VISIT US AT BOOTH 2604 AT THE IRE SHOW 
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30 volts d-c resistive. Maximum work- 
ing voltage, 115 volts a-c or d-c. Avail- 
able with choice of button colors and 
in NO, NC and SPDT configurations. 
Dimensions, 1 7/16 long, 13/16 in. 
diam. Carter Parts Co., 3401 Madison 
St., Skokie, Ill. 
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CAM-ACTION TERMINAL 
BLOCK CONNECTOR 


Connectors require only a quarter turn 
with a screwdriver for positive self- 
locking. Each self-contained connector 
consists of a reverse rotary V-cam in- 
side rectangular busbar. Available in 


a 
~o f 

15, 20, or 30 amp ratings, in units of 
2 to 20 stations, connectors accept wire 
sizes from 12 to 30 gage. Units meet 
or exceed MIL-T-16784A for tempera- 
ture rise, electric strength and vibration 
resistance, and Navy HI (high impact) 
rating for shock resistance. Electric 
strength, 400 volts between terminals, 
5000 volts terminal-to-base; housing, 
Implex modified acrylic, which is crack- 
proof, moisture-proof, dimensionally 
stable and non-toxic. Camblock Corp., 
Natick Industrial Center, Natick, Mass. 
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PRECISION NYLON 
CUT GEARS 


Gears with molded metal insert hubs 
are available up to 3-in. OD with up 
to 4% in. face. Gears manufactured in 
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ZENITH Model FR 


TIME DELAY RELAY 


Instant Fingertip Setting... 
For 0 to 120 Second Delays 


With the FR’s simplified design 
—large 1" 60-point notched 
dial and simple indicating lever— 
you can set up any desired time 
delay instantly. No nuts or set 
screws to loosen. Four adjustable 
ranges provided: 0 to 15, 0 to 30, 
0 to 60 and 0 to 120 seconds. Other 
types available with delays in any 
time range. 
Precision synchronous motor 
drive assures extremely accurate 
timing and positive action. Unit is ready-to-mount 
with all components assembled on compact bracket. 
Operates from any standard voltage source, handles 
up to 20 amps., 480 V. non-inductive. 


Request details today! Write on company letter- 
head for complete 64-page catalog describing 
automatic transfer and remote control switches, 
magnetic contactors, program clocks and tim- 
ing controls. 


See Classified Directory for Name of Factory Representative 


15 2 WEST WALTON STREET CHICAGO 10, ILLINOIS 
Circle 271 on Inquiry Card 


The Simplest sa 
‘Feed-Thru” Block & 


Sturdy in construction, simple in design, 
Curtis “FT” and “FTS” Blocks are the ideal 
solution for sub-panel and chassis construc- 
tion where the “Feed-Thru” function is 
required. 

They are built with external screw con- 
nection and either screw or solder pin in- 
ternal connections. The individual phenolic 
terminals are permanently mounted in 
strong steel mounting channels of one to 
16 terminals, rated 20 amps. at 300 volts. 

Simplify your “Feed-Thru” connections 


Write for Bulletins 
| DS111 and DSIT5. 
| Ask about the wide 

of other 
with time-saving Curtis “FT” and “FTS” 
Terminal Blocks. 


> CURTSS vevetopment & MFG. CO. 
3222 North 33rd Street, Milwaukee 16, Wisconsin 
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® Design a 
radio-noise-free 
& long-life DC motor, 

ba competitively 


priced! 
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ANSWER: 
THE NEW BRISTOL 
TRANSISTORIZED 
SERIES #317 MOTOR 


Typical Bristol performance. A specialized answer for a special- 
ized problem. Designed for use in aircraft anticollision beacons, 
the Series #317 eliminates brushes and governor to do away with 
undesirable radio noise and increase reliability. The problem was 
solved, the price was right. One more example of Bristol's proven 
ability to apply a unique combination of skill, experience and 
production facilities to any design, cost of production problem 
you may have. Bristol engineers may find your answer by modify- 
ing a current Bristol standard, by varying voltage, shaft length, or 
providing shift and brake action. Or they may design a completely 
new synchronous timing motor specifically for your needs. Wher- 
ever the answer lies, Bristol will find it . . . quickly, efficiently, 
economically. Write now for catalog No. 160, or ask for the 
Bristol representative in your area. 


Division of Vocaline Company of America, Inc., Old Saybrook, Conn. 
Dept. ET-3 
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ner controls 


Series 1005-2-3 

A variety of headers 
and brackets 

3 amps. @ +125° C. 


M.S. APPROVED RELAYS 
for missiles and 


AIRCRAFT 


Series 3005 D.C. 


4 P.D.T., 10 Amperes Series 2505 DLC. 


6 P.D.T., 5 amperes 


> contol. for INDUSTRY 


No. 32 D.C. Solenoid 
Life Tested to 20,000,000 cycles 


Mgt a. 
For complete Military Standard 
approved controls in missiles, satellites, 
weapons systems and aircraft. . . 
specify Guardian. For highest quality 
relays, solenoids, steppers, switches 
and complete control assemblies in 
communications, computers, data 
processing equipment, business 
machines, vending, lighting, and other 
applications . . . specify Guardian. 


a 


ee. 
Rotomite Stepper 
12 positions. 20 steps per second 


Series 670, 7" 
Impulse Relay Low Cost—Long Life. 
UWnrile for information on these and other Guardian Controls. 


GUARDIAN 09 ELECTRIC 


MANUFACTURING COMPANY 
1$S2-C W. CARROLL AVENUE, CHICAGO 7. ILLINOIS 
“Everything Under Control’ 


Visit Booths 2502-2504 I.R.E. Show 
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48, 32, 24, 20, 16 and 12 pitch and in 
144% and 20 deg pressure angles. 
Strength factor is same as for metal 
gears using Lewis formula, which as- 
sumes that entire load is borne by one 
tooth. Cutting gears after metal hub is 
molded improves concentricity. Hubs, 
available in steel, stainless steel, brass, 
and aluminum alloy, can also be fur- 
nished for cams, ratchets, worm gears, 
rollers and pulleys. Climax Metal Prod- 
ucts Co., 863 E. 140 St., Cleveland 10. 
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LINEAR-MOTION 
POTENTIOMETERS 


Model L-111 potentiometer features in- 
finite resolution in stroke lengths to 30 
in. Operating on d-c or a-c inputs, de- 


vice provides unamplified outputs up to 
350 volts per in. of shaft movement. 
Sensitivity, 5 microin. over any stroke 
up to 30 in.; dimensions, 1 sq in. cross- 
section with case length about 1 in. 
greater than stroke length; shaft can 
rotate as well as pivot to prevent bind- 
ing. Guaranteed life, 10 million strokes 
or more, depending on circuitry. Com- 
puter Instruments Corp., 92 Madison 
Ave., Hempstead, N. Y. 
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DIGITAL 
ARITHMETIC UNIT 


Solid-state Model DAC-2500 arithmetic 
center is compatible with many input 
and output units, including punched 
card and punched tape equipment, ana- 


log-to-digital converters, digital volt- 
meters, X-Y plotters and printers. Num- 
ber system, decimal; word length, 18 
decimal digits and sign; storage, mag- 
netic drum; storage capacity, 16 words 
per channel, non-volatile, with 10 chan- 
nels available and two channels sup- 
plied as standard equipment. Access 
time, average 8.5 millisec; instructions, 
multiple address (up to five) and mul- 
tiple operations; data input, unique 
pulse per digit or binary-coded decimal; 
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KATO-AC. GENERATORS 


6. S55, DEPENDAB/ E 
Known (0% avon ety Yap, 


¢ NOW 500 WATTS TO 1,000 KVA. 


¢ ADAPTABLE TO ANY 
INDUSTRIAL ENGINE 
with SAE Bell Housing. 


New size frame for 
500 KVA to 1,000 
KVA. 


Uniform quality § a- 
chieved by constant 


checks throughout pro- 
duction. 


Long life assured be- 
cause KATO Generatcr 
desian ond capacity 
allow for characterist- 
ics beyond normal re- 
quirements. 
CSA Approved. 
3 w 
BRUSHLESS GENERATORS GENERATOR 


in some sizes. * 
Complete with all 


controls, coup- 


«AI ’ MOTOR maine ‘Of yous 
"GENERATORS 


TO CHANGE FREQUENCY, 
VOLTAGE AND PHASE. 


Output frequencies either fixed or 
variable in various frequency ranges 


P from 25 cycles up to 1200 cycles. 


ALSO HIGH FREQUENCY GENERATORS, 
D.C. GENERATORS, ROTARY CONVERTERS, 
WRITE FOR DETAILS! | POWER CONVERTING SYSTEMS. 


MAT O Segincering Gmpany snare ann. 


Builders of Fine Rotating Electrical Machinery Since 1928! 
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“GLASS | TIPPED’ SET SCREWS 


GLASS—Hard, Dense, 


Smooth, Concentric, 
Hemispherical 


SCREW—Stainless Steel, 
Slotted, Ground Threads, 
IN STOCK— Sizes 4, 6, 8 N.F. & N.C. 


4-48 x 7/32, 5/16, 3/8, 7/16 & 1/2 
6-40 x 9/32, 3/8 & 1/2 
8-32 x 5/16, 1/2 & 7/8 


HARTWOOD GLASS & METALS COMPANY 


P.O. Box 865 Martinsburg, West Virginia 
Specializing in Glass Coated Metals for Electrical Insulation 
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Sea ae omy... : 


ckage is 

8-oz. can fitted Srith 

Bakelite cap holding 

ned soft-hair brush for “Pp: 

MT plying right at benc 

pau metal surface ready for SS 

layout in a few minutes. 

\ The dark blue background 

+ makes the scribed lines 

show up in sharp relief, 

prevents metal glare. In- 

creases efficiency and 


a accuracy. 2 
nena un Steel Blog write for sample card 
SHEL Wirhost XE 


on compony letterhead 


oe 
vee —— THE DYKEM COMPANY 
2303F North 11th St. « St. Lovis 6, Mo. 





making Dies and 3 


MARCH 1961 Circle 277 on Inquiry Card 








Electrix 


a es 


Greater 


Holding Power! 


‘ 


Tortie 
More Uniform 


Automatic Assembly! 


Careful engineering and strict quality controls give 
ELECTRIX Terminals greater holding power in use. 


ELECTRIX Terminals meet and surpass rigid elec- 
trical and physical characteristic tests. Tolerances, 
especially at critical crimping points, are precisely 
uniform. Supplied in continuous strip form for use 
in dependable Electrix Automatic Attaching 
Machines, Electrix Terminals offer easier, more 
economical assembly. 


Electrix competitive prices 
save you money. 


Extremely wide range of types, sizes and finishes. 
Write for free catalog. 


Electrix 
Corporation 


ASHTON 


RHODE ISLAND 
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SQ) EQ ME\y TeRminat Lucs 
AND CRIMPING TOOLS 


SPEED INSTALLATION — REDUCE COSTS! 


INDENTED CRIMP 
FOR GREATER RESISTANCE 


TO PULL-OUT 


MONEY SAVER 


SAVE UP TO 15% 
WITH SHERMAN 


Write for FREE Sample 


SHERMAN 
UNI-CRIMP 


9 


SHERMAN 
LUG “ys “ST” LUG 


VOID FREE 
CONNECTION 


SHERMAN HAND CRIMPING TOOLS 


Portable or bench mounted for fast, easy instal 
lation of money-saving Sherman terminal lugs 


H. B. SHERMAN MANUFACTURING CO., BATTLE CREEK, MICHIGAN | 
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Why it will pay you to send your CERAMIC PARTS 
requirements to WISCONSIN PORCELAIN CO. 


FIRST: You will get the benefit of 
39 years of experience in efficient and 
economical production of ceramic parts 
to meet your exact needs. 


SECOND: A wide variety of por- 
celain, refractory, steatite and filter 
bodies is available to you. Our uniform, 
tough, accurate components pay off on- 
the-line in faster assembly, increased 
production efficiency. 


THIRD: We ‘keep’ delivery prom- 
ises, having operated for over 39 years, 
24 hours a day without a shut-down. 


FOURTH: You will join a distin- 
guished list of companies who have 
come to depend on us for just this kind 
of service and quality. 


Send us your requirements today. 
A sample or blueprint will do. You'll 
get a prompt reply. 


Serving the Electrical and Electronic 
Industries since 1919. 


WISCONSIN PORCELAIN CO. 
115 MARKET ST., SUN PRAIRIE, WIS. 
(Located in the Chicago Industrial Area) 
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instructions input, d-c voltage to proper 
connector pin or pins; output, unique 
pulse per digit or binary coded decimal ; 
power, 117 volts a-c at 100 watts max. 
Clary Corp., 408 Junipero St., San 
Gabriel, Calif. 
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MAGNETIC DRUM FOR 
NUMERICAL CONTROL 


Memory drum, suited for program con- 
) prog 

trol of multiple-cutting-machine opera- 
tions, presents recorded information 


whether it is in motion or stationary. 
In stationary condition it continuously 
presents information for comparison 
and control. At the end of a cut, drum 
steps to its next position, corresponding 
to the end of the next cut, and signals 
new co-ordinates to machine. Output 
into 1000 ohms is 1.5 volts d-c for a 
one reading; less than 30 my for zero. 
Output into cold-cathode matrix may 
be 65 volts a-c for one, less than 2 volts 
for zero. Drum sizes vary. A 10-channel 
2000-bit drum, including heads, elec- 
tronics and terminal board, measures 
14 x 14 x 26 in. long. Consolidated 
Controls Corp., Bethel, Conn. 
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SUBMINIATURE 
FILM CAPACITORS 


Subminiature TFE-fluorocarbon capaci- 
tors are available with various low- 
temperature coefficients from zero to 


120 ppm degree C. Units have self- 
healing characteristics of metallized 
film capacitors. Tolerances, to 0.1 per 
cent. Subminiature metallized Mylar 
capacitors also available. Component 
Research Co., Inc., 3019 S. Orange 
Drive, Los Angeles 16. 
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PLUG-IN REGULATED 

POWER SUPPLY 

Solid-state Series R supply is mounted 
on a standard octal base and measures 
3 15/16 x 45% x 4% in. Input, 105 
volts to 130 volts; output ranges of 
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See Cannon at 


Booth 2727-31, IRE Show 


On PROG 
CANNION PLUGS 


Reliability for Industry - Aircraft - Space Vehicles Cannon's full line of vibration-proof plugs are engineered 
to meet the most stringent demands of industry, missiles, and aircraft. If you have a problem in vibration, let us 


provide the answer. From umbilical plugs to the most versatile subminiatures... 
for any ground or airborne use, Cannon vibration-proof plugs surpass what is 
expected of them. Another reason why you should always consult the first name 
in plugs...why you should consult Cannon for all your plug requirements. For 
information on these or other Cannon products write to: 


CANNON ELECTRIC COMPANY, 3208 Humboldt St., Los Angeles 31, Calif. 
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SPECIAL 
INDUCTION 
MOTORS 
FROM KEARFOTT 


Kearfott Special Induction Motors meet the needs of a 
wide range of application problems. The motors shown 
here represent only a part of the many types available for 
the most demanding loads and environmental conditions. 


F-25-2 12.4 H.P.-COMPACT INDUCTION MOTORS 


A uniquely compact, 3-phase induction motor for axial vane blower 
applications, only 542” diameter, 93,” long. 
Input: 200 volts, 400 cps, 3 phase 
10.1 KW at full load 
Output: 12.4 H.P., 11,600 RPM 
Weight: 17.72 Ibs. 


DF-15-5 | EXPLOSION-PROOF INDUCTION MOTOR 


A miniature, base mounted, totally enclosed, fan cooled motor de- 
signed to drive airborne jet-fuel pumps. High starting torque is 
equally applicable to driving gear pumps and compressors. 

Input: 208 voits,400 cps, 3 phase 


173 watts at full load 
TYPICAL CHARACTERISTICS — Outout: 0.15 HP. 5,300 RPM 


Weight: 4.75 Ibs. 


BF-15-14 | TOTALLY ENCLOSED FAN-COOLED INDUCTION MOTOR 


This motor is designed as the driving unit for fuel, air, and hydraulic 
pumps for aircraft under severe environmental conditions. 
Input: 115 volts, 400 cps, 3 phase 
TYPICAL CHARACTERISTICS Output: .03H.P., 10,000 RPM 
Weight: 1 Ib. % oz. 


A-10-11 | HIGH TEMPERATURE 
SPLIT-CAPACITOR INDUCTION MOTOR 


This subminiature motor is designed to operate over the ambient 
temperature range of —55° C to +125° C. It can be supplied to 
drive either vane or axial-type fans for chassis cooling. 
Input: 115 volts, 400 cps, 3 phase 

11.5 watts at full load 
Output: 1/400H.P., 10,500 RPM 
Weight: 3.5 oz. 


TYPICAL CHARACTERISTICS 


TYPICAL CHARACTERISTICS 


Write for complete data 


KEARFOTT DIVISION 


<> 


Little Falls, New Jersey 
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GENERAL PRECISION. INC. 


various models, from 10 volts d-c at 
2.5 amp to 300 volts d-c at 85 ma; 
regulation, less than 0.1 per cent; 
ripple, less than 0.01 per cent; operat- 
ing temperature range, —54 to +45 C. 
Unit is short-circuit proof and either 
output terminal may be grounded. Con- 
trol Circuits, Inc., 66 Marlborough St., 
Portland, Conn. 
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PULSE-TRAIN 
GENERATING MODULES 


Model A502 pulse-train generators 
measure 1.32 sq in. and 2 in. high, 
operate on 28 +5 volts d-c at 160 ma 


max. Maximum weight is 2 oz. External 
adjustment determines pulse rate; other 
parameters are predetermined to match 
requirements of manufacturer’s step 
servo controllers. Ten models available 
in five pulse-rate ranges (from 4 to 16 
pps to 65 to 300 pps) and in two tem- 
perature ranges (—55 to +70 C and 
—55 to +-125 C). Automation Develop- 
ment Corp., 11824 W. Jefferson Blvd., 
Culver City, Calif. 
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FLEXIBLE POTTING 
MATERIAL 


Clear silicone potting and embedding 
compound LTV-602 cures at 70 to 80 
C to a flexible, resilient solid. Cured 
material is self-supporting and non- 
flowing. Components imbedded in ma- 
terial can be identified, repaired or re- 
placed by removal of a section with a 
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OIL-TIGHT DUST-TIGHT 


NEN 


ANC. 
Terminaf 
Box 


Complete with Terminal <8" Jenner, 
Blocks (or brackets only) ee 


Designed for faster, Bde ode 2 | 
easier wiring 


Ample room for wires 
under terminals 

Famous trade-approved Hoffman JIC box is now avail- 
able with new time-saving mounting brackets for terminal 
blocks that leave plenty of space for wires ... and make 
wiring easy wherever conduit connections are located. 

Equipped with medium duty, sectionalized terminal 
blocks; or with brackets only—you mount your own ter- 
minals. Blocks mount on steel straps. Additional straps 
may be added at a later date if more circuits are needed. 

Boxes are completely oil and dust tight with JIC screw 
clamps to close gasketed covers. Standard box sizes range 
from 8"x6"x3 !4" to 16"x14"x6”" offering 16 to 64 terminals. 
Similar terminal system also available in large NEMA-12 
enclosures. 


Hoffman ENGINEERING CORPORATION 
Dept. ET-162, Anoka, Minnesota 
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DIGIT 
eon READOUT 
featuring 


ONE-PLANE PRESENTATION 
Series 10000 


firms throughout 
the world in just a 
few years prove 
unprecedented 
acceptance of 
IEE digital 
readouts. 


The IEE digital readout puts the 
digit right up front, visible from any 
angle. Vision is unimpaired by 
stacked characters and sharp, clear- 
white digits provide high-contrast, 
error-proof reading. Use of words, PRICE % oo 
color, and multiple projections offer CQMPLETE 

wiseeut veruntasty. QUANTITY PRICES ON REQUEST 
Binary-To-Decimal Decoders Available. WRITE TODAY FOR 


Representatives in Principal Cities COMPLETE SPECIFICATIONS. 
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join wires 


BY HAND OR MACHINE... 


HERE’S A PROVEN WAY TO 


keep costs down and 
improve your product 


WIRE CONNECTORS 


e@ Priced as low or lower than 
ordinary connectors, they go on 
fast, last for the life of your 
product. No troubles! 


Specially formulated high-dielec- 
tric, high-strength all-plastic 
shell is virtually immune to all 
moisture and chemical action. 
They stay “new” permanently! 


Smooth, precision-molded 
threads start easily, screw on 
without damage to even finest 
wire strands. Wires are locked 
on—can’t fall off or shake loose! 


e Scientific knurling is easy on fingers, fits snugly into 
Ideal standard driver shanks. Less fatigue, faster 
assembly line splices! 


Ample skirt protects splice, prevents shorts. 
Best insulation you can get! 


Only 5 sizes handle practically all appliance, fixture 

and smaller machinery needs. Approved for 300V and 600V 
(1000V for fixtures). Less specification and 

stocking problems! 


NEW BROCHURE 
for design and production 


Gives new technical data for 
thames l ay production and design men. 
AT OUR Complete selector charts for 

P all sizes of All-Plastic Con- 
Pigaihia nectors for all approved wire 
eT combinations. Also useful 
nal product information of Ideal 
er thy) Wire-Nuts, Excel Porcelain 
for FREE Connectors and Wing ~-Nuts. 
Te Facts you should have on the 
seals industry’s most complete line 
PSD atu of wire connectors. Mail 
coupon. 


IDEAL INDUSTRIES, Inc. 

1108-C Park Avenue, Sycamore, Illinois 

Please send [] new brochure on All-Plastic Connectors; 
C) Free Sample Assortment 


Q 


Name__ 

OI iraccitamitceseeniltititia clea tactic 
Address. chit iiguaiensdeichticateiieopemnieiimiooibateiiaasade 
atari ttabiiasieinigat Is aa 


Sold Through America’s Leading Distributors 
IN CANADA: IRVING SMITH, Ltd., Montreal 
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MODERN 
ELECTRONIC 
ENGINEERING 
GIVES PRECISE 
MOTOR SPEED 
CONTROL 


1/100 — 10 H. P. 


Modern industrial electronic en- 
gineering has been coordinated 
with electric motor design to 
provide a versatile means for 
obtaining the full possible ad- 
vantage of speed control in DC 
motors while operated from the 
regular alternating current power 
line. Grid controlled “Thyratron” 
tubes are utilized for power con- 
trolled stepless variation to sup- 
ply motor armature power. 
Patented feedback, or “Servo” 
circuits provide constant torque 
capability over wide speed ranges 
of as high as 60 to 1 in some 
models and a minimum of 20 
to 1 in others. 


ne ed Ee ec el oes 714 eT 
4 Godwin Ave Paterson. N. J. 
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GUDELACE 

TAKES THE 
SLIPS 
OUT OF 
LACING 


Try this simple test. Tie a piece of Gudelace around a pencil in a half hitch and pull 
one end. Gudelace’s flat, nonskid surface grips the pencil—no need for an extra finger 
to hold Gudelace in place while the knot is tied! 


Gudelace makes lacing easier and faster, with no cut insulation, or fingers—no slips 
or rejects—and that’s real economy. Gudelace is the original flat lacing tape. It's 
engineered to sfay flat, distributing stress evenly over a wide area. The unique nonskid 
surface eliminates the too-tight pull that causes strangulation and cold flow. Gudelace 
is made of sturdy nylon mesh, combined with special microcrystalline wax, for out- 
Standing strength, toughness, and stability. 


Write for a free sample and test it yourself. See how Gudelace takes the slips—and 
the problems—out of lacing. 


GUDEBROD BROS. SILK CO., INC. 


Electronic Division 
225 West 34th Street 
New York 1, N.Y. 


Executive Offices 
12 South 12th Street 
Philadelphia 7, Pa. 

Visit Gudebrod’s Booth 4025 at the I.R.E. Show. 
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sharp instrument. New material can 
be poured into cutout section. Low vis- 
cosity in uncured form, 800 to 1500 
centipoises. Meets thermal shock re- 
quirements of MIL-STD-202A, test con- 
dition B. Excellent resistance to both 
moisture and complete water immer- 
sion. Typical cure time on potted elec- 
tronic assemblies is 16 hr at 75 C. 
General Electric Co., Silicone Products 
Dept., Waterford, N. Y. 
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PLUG WITH 
SOCKET CONTACTS 


Hermetically sealed connectors with 
closed-entry socket contacts feature 
hooded springs for insuring constant 


™— 


tension and wiping action. Both eyelet 
and solder-cup contact terminations pro- 
vided. Designed to meet MIL-C-26482. 
When mated, connector resists exotic 
propellant compounds. Deutsch Co., 
Electronic Components Div., Municipal 
Airport, Banning, Calif. 
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SWITCH CONTROL CENTER 


Instrument is controlled by standard 8- 
channel tape, punched as _ required. 
Complete programs can be quickly 
| altered by changing tape. One or more 


channels can be operated manually in 
otherwise fully automatic sequence, or 
one channel can control any other chan- 
nel. Each channel incorporates SPDT 
latching relay, which is turned on or 
off by the control tape. Manual control 
switch, indicating neon light included 
with each channel. Other controls allow 
stopping, clearing at any time. Avail- 
able with tape reels or continuous loop. 
Dimensions, 1654 x 12 x 4% in. high. 
Crestmont Electronics Div., Crestmont 
Consolidated Corp., 2201 W. Burbank 
Blvd., Burbank, Calif. 
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DIPPED SILVERED-MICA 
CAPACITORS 


Phenolic-dipped capacitors, ranging 





from 1 pf to 40,000 pf, are offered in 
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ASSURE A LOW FAILURE RATE OF 


Only 1 Failure in 


17,356,000 


Unit-Hours for 0.1 MFD Capacitors* 


Setting A New High Standard Of Performance! 


% Life tests have proved that El-Menco 
Mylar-Paper Dipped Capacitors — tested 
at 105°C with rated voltage applied — 
have yielded a failure rate of only 1 per 
1,433,600 unit-hours for 1.0 MFD. Since 
the number of unit-hours of these capaci- 
tors is inversely proportional to the capac- 
itance, 0.1 MFD El-Menco Mylar-Paper 
Dipped Capacitors will yield ONLY 1 
FAILURE IN 14,336,000 UNIT-HOURS. 


CAPACITANCE AND VOLTAGE CHART 
@ Five case sizes in | renee eats and ranges: 


oo wie =| 20 ia e358 MFO 
co nee eee be 


SPECIFICATIONS 


TOLERANCES: 10% and 20%. Closer tolerances 
available on request. 
INSULATION: Durez phenolic, epoxy vacuum 
impregnated. 
LEADS: No. 20 B & S$ (.032”) annealed copper 
clad steel wire crimped leads for printed circuit 
application. 
DIELECTRIC STRENGTH: 2 or 2% times rated 
voltage, depending upon working voltage. 
INSULATION RESISTANCE AT 25°C: For .OSMFD 
or less, 100,000 megohms minimum. Greater 
than .OSMFD, 5000 megohm- microfarads. 
INSULATION RESISTANCE AT 105°C: For .OSMFD 
or less, 1400 megohms minimum. Greater than 
-OSMFD, 70 megohm- microfarads. 
@ POWER FACTOR AT 25°C: 1.0% maximum at 
1 KC 
These capacitors will exceed all the electrical 
requirements of E. I. A. specification RS-164 and 
Military specifications MIL-C-91B and MIL-C-25C. 
Write for Technical Brochure 


MINIMUM LIFE EXPECTANCY FOR **1.0 MFD “MYLAR-PAPER DIPPED 


PERCENT OF 
RATED VOLTAGE 











CAPACITORS AS A FUNCTION OF VOLTAGE & TEMPERATURE 


: MFC 
nat as TT 





— Co 
ee | 





1,000,000 


UNIT-HOURS FOR ONE FAILURE 


* Registered Trade Mark of DuPont Co, 


THE ELECTRO MOTIVE MFG. CO., INC. 


Mu le Me Me ee el) 
ae) ee ee ol ey 
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+. for maximum 
reed relay 
compactness, 
contacting versatility 
and mounting 
convenience 


20 poies 


Dunco encapsulated units bring you dry reed relays in their 
most compact, convenient form for either panel or printed board 
wiring. Five encapsulated types, 1 to 20 poles, provide any needed 
normally open and normally closed contact combination. Break-Make 
action is available to assure non-overlapping of contact closures. 
Multi-coil units can be supplied. Write for Dunco Reed Relay Data 
Bulletin RR-2 to: STRUTHERS-DUNN, Inc., Pitman, N.J. 


Dunco 4-pole reed relay 
panel mounted with alumi- 
num-end Plastostrap. 
Relays are also suited 
for printed board wiring. 


SD 
STRUTHERS-DUNN 


5,348 Relay Types 


Sales Engineering offices in: Atianta . Boston . Buffalo » Charlotte « Chicago . Cincinnati . Cleveland 
Dallas » Dayton +» Denver « Detroit » High Point » Kansas City « Los Angeles + Montreal . New York 
Orlando « Pittsburgh « St. Louis + San Carlos » Seattie » Toronto » Export: Langguth-Olson Co., New York 
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four basic sizes within EIA and MIL- 
C-5B (proposed) specifications. Operat- 
ing temperature range, —55 to+125 
C at full rated voltage; up to +150 C 
with proper derating. Standard ratings 
for Types CD15, CD19, CD20 and 
CD30 are 500, 300 and 100 volts d-c 
working. Capacitance tolerances range 
from +10 per cent to 14% per cent. 
Cornell-Dubilier Electronics Div., Fed- 
eral Pacific Electric Co., 55 Cromwell 
St., Providence, R. I. 
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HIGHLY CONDUCTIVE 
SOLDER ALLOY 


Alloy 157BN, especially for electrical 
and electronic work, is 50 per cent 
more electrically conductive than stand- 
ard 50-50 lead-tin solder. Active flux 
core is inert after carbonization, with 
residues which are non-corrosive, non- 
conductive and do not support fungus 
growth. Deposits accept a wide range 
of plating including gold, silver, nickel, 
platinum, and cadmium. Eutectic Weld- 
ing Alloys Corp., 40-40 172 St., Flush- 
ing 58, N. Y. 
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CONTROLLED RECTIFIERS 


Series C50 high-current silicon con- 
trolled rectifiers are available in eight 


models. C50 is of all hard-solder con- 
struction. RMS forward current, 110 
amp d-c for all conduction angles; 
repetitive peak reverse voltage, 25 to 
400 volts; repetitive peak forward 
blocking voltage, 500 volts. General 
Electric Co., Kelly Bldg., Liverpool, 
Biss 
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See Laboratory and Engineering 
Equipment on page 272 
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Need help in 
designing that 
transistor circuit? 


@ A word to the wise. Prepare yourself! Get 
the technical help you need from an electronic 
engineer who has specialized in semiconductor 
application. 


This know-how is wrapped up in a series of 
tutorial articles which have appeared in this 
very magazine. It’s the popular series on “Semi- 
conductor Electronics”—concluded in this issue 
with the chapter on Non-linear and Switching 
Operation. 


Maybe you missed some of the earlier chap- 
ters? Maybe you just skimmed the surface in 
the interest of “speed reading?” No matter. The 
entire 6-article series is now being reprinted so 
it will be handily available in booklet form for 
home study or on-the-job reference. 


When you've assimilated the contents you'll 
have an invaluable knowledge of the basic 
principles that underlie the behavior of transis- 
tors and diodes. (Even the electronic “pro” 
gets better results when he has the right per- 
spective on fundamentals.) Moreover, you'll 
understand why semiconductors work as they 
do. You'll be able to apply them in your circuitry 
with the sure knowledge they will perform in 
their specific tasks. 


All this is presented in a clear-cut, step-by- 
step discussion, in the language of one engineer 
talking with another. The author is A. A. 
Sorensen, associated with Space Technology 
Laboratories, Inc., Los Angeles, Calif. Mr. 
Sorensen, in addition to being a practical en- 
gineer, is also an active teacher at University 
level. He knows how to get his technical facts 
across to the engineer “student.” 


The reprint booklet will comprise 44 pages, 
plus a flexible, textured cover that should stand 
up under the hard usage you'll be giving it. 
Naturally, there’s an introductory foreword and 
a quick-reference index. 


The price? Just $2.00 (postpaid). For your 
convenience in ordering we suggest using the 
Reprint Order Form on page 180. 
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SWITCHES 


for all commercial, industrial, 
and military applications. 


SUBMINIATURE SWITCHES 


Specially ganged to meet 
any of your requirements 
including MIL 


Specifications. . 


rae 


LOW-COST SWITCHES 


Double-pole double-throw 
snap action, sealed, 
quickconnect 

terminals. 


METAL-CASED SWITCHES 
Heavy-duty types, limit, 

safety, immersion 

proof, sealed, 


double break. : 


& 


UNIMAX makes many more styles of 
snap-acting precision switches including spe- 
cial designs to suit your circuit and installation 
requirements. 


Ask for catalog — be sure to specify kind 
of switches and possible application. 


gn ie Adar 


c AA 'e 
ELV WAGE ZY Amey, 


IVES ROAD, WALLINGFORD, CONNECTICUT 
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ASHLAND 


BLOWERS 
& FANS 


...engineered for the job 


Ashland’s enviable reputation as a 
leader in the field of design and 
manufacture of air moving equipment 
stems from many years of meeting 
critical engineering specifications for 
military, airborne, electronics and 
other industrial applications. 


Blowers and fans of innumerable 
combinations of pressure and volume 
have been developed at Ashland. 


Model C8U8Q-2 
CENTRIFUGAL BLOWERS 


Model C5H2D-1C 
MINIATURE 
CENTRIFUGAL BLOWERS 


Model A8S11Q-1CC 
AXIAL FLOW FANS 


Model A4E2QC-1C 
MINIATURE 
AXIAL FLOW FANS 


Ashland units are engineered and man- 
ufactured to your precise specification 
—at no additional ‘premium. Inquiries 
concerning the design and delivery of 
‘Blowers, Fans, and Motors are welcome. 
For descriptive catalog or quotation on 
specific production problems, write, 
wire or call. 


ASHLAND 


ELECTRIC PRODUCTS, INC. 


32-02 Ques we sity 1, N.Y 
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Laboratory and 
Engineering Equipment 


MOTORIZED 
FREQUENCY-SWEEP DRIVE 


Model AC-97C 
sweeps oscillators and other tunable 
devices through their frequency ranges 
by mechanically rotating the frequency 


drive automatically 


control shaft. Unit has two sweep 
speeds and a neutral. In neutral posi- 
tion, driven unit can be tuned manually. 
Sweeps can be reversed automatically 
when limit is reached, providing a con- 
tinuous sweep for oscilloscope presen- 
tations; or can be stopped automatic- 
ally when limit is reached for X-Y re- 
cording. Sweep speeds can be changed 
without stopping drive. Stops can be 
set for any sweep range from 5-deg 
output-shaft revolution to 50 revolu- 
tions. Model AC-97A furnishes output 
voltage proportional to shaft position 
for driving X-axis of recorder or os- 
cilloscope. Hewlett-Packard Co., 1501 
Page Mill Rd., Palo Alto, Calif. 
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3-DIMENSIONAL 
MICROPOSITIONER 


Three micrometer assemblies in the 
Model 200 micropositioner provide a 
measured movement up to 1% in. in 
any direction. Vertical and horizontal 
face plates contain holes for mounting 
tooling or other devices on unit. Glare- 
proof satin-finish micrometers have 


crowned anvils for low friction. Stand- 
ard accuracy, 0.001 in. Kulicke & Soffa 
Mfg. Co., 1234 Callowhill St., Philadel- 
phia 23. 

Circle 614 on Inquiry Card 


INFINITE RATIO-VARIETY 
GEAR CHASSIS 

Gear chassis can be incorporated into 
any mechanism where gear ratios must 
be quickly changed or where a specific 
gear train must be quickly assembled. 
Infinite range of ratios obtainable. Four 
bearing housings with shafts and slide 


track are standard equipment. Addi- 
tional bearing housings, micro-switch 
holder, cams, precision 12-in. circum- 
ference wheel for linear measurement 
and standard instrument gears avail- 
able as required. Foster & Allen, Inc., 
26 Commerce St., P.O. Box 356, Chat- 
ham, N.J. 
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ELECTRONIC STRIP-CHART 
INTEGRATOR 


Model PX591 integrator records the 
integral of test data presented by any 
standard servo-drive recorder. Integra- 


tor-recorder reads out integral signal 
on demand with accuracy of 0.25 per 
cent of full scale. Integral is read back 
into recorder itself when integration is 
completed. Manual reset switch per- 
mits operator to reset integrator at will 
and erase defective data not to be dis- 
played. Fastest integrating time norm- 
ally used is 6 sec to integrate full-scale 
sustained input to full-scale output. 
On a 10-in.-wide strip-chart moving 
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solenoi 


@ Highly resistant to moisture. 

@ Shock mounted for longer service life. 

@ Develop 2 to 30 pounds push or pull. 

@ Available in AC or DC models. 

@ Compactly designed from the best, top 
quality materials. 

@ Giants or tiny miniatures, multi-million 
cycle performance. 


A model for your every need. Special solenoids 
may be engineered to suit special applications. 


less steel. 


silicon steel 
laminations, 


molded nylon 


\SOLEROWS 


High flow-point 


bobbin, wound with 
heavy Nyclad insu- 
lated magnet wire. 


Striker plate of 
non-magnetic stain- 


Highly efficient 


Hardened beryllium 
copper plunger guide 
reduces friction 

and wear. 


Shock absorbing bumpers cushion the stroke, 
assure longer service. 
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METAL 


TERMINAL 


PERMANENTLY... 


METAL IDENTIFICATION TAGS OF 

EVERY DESCRIPTION FOR MARKING CABLES, 
LEADS, AND GROUPING WIRES... 

TERMINAL TAGS are rapidly replacing obsolete string and paper identi- 
fication methods—they mark the end of identification problems! Made 
of aluminum, steel, boom, or zinc, in a variety of styles and sizes. 
TERMINAL TAGS are easy to apply, and are used in the manufacture 
of aircraft, radios, telephones, motors, generators, etc., and can be 
stamped or embossed with special marking to customer specifications. 


FREE SAMPLES AND LITERATURE UPON REQUEST 


NATIONAL BAND & TAG CO. 


P.0. Box 9-254, NEWPORT, KY. PHONE COlonial 1-2035 
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COMPOUNDS 


Zophar Waxes, resins and compounds 
to impregnate, dip, seal, embed, or pot 
electronic and electrical equipment or 
components of all types, radio, tele- 
vision, etc. 

Cold flows from 100°F. to 285°F. plain 
or fungicidal. 


Special waxes non-cracking at—76°F. 
Let us help you with your engineering 
problems. 


For immediate service contact: 
L. E. Mayer, Sales Manager 
H. Sounders, Chemical Laboratories 


Phone SOuth 8-0907 


5! 


YEARS 
Nv 


ZOPHAR MILLS, inc. 
112-130 26th Street, 
Brooklyn 32, N. Y. 


T 


. 
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You ve designed 


Tube Circuits 
—hut how about 


Transistors? 


@ There’s a big difference! 

Getting results with transistor circuits 
calls for a fundamental knowledge of the 
theory of operation of semiconductor 
diodes and transistors and of proper ap- 
plication procedures. 

It’s a broad subject that has required— 
even for the most concise presentation 
—six feature-length articles in ELEectro- 
TECHNOLOGY by engineer-author-teacher 
A. A. Sorensen of Space Technology Lab- 
oratories, Inc. 

The series, “Semiconductor Electron- 
ics,” is now being brought together into 
a compact, flexible covered reprint vol- 
ume for home study use or continual on- 
the-job reference. 

Here’s a quick run-down of the sub- 
ject areas covered: 


1. SOLID STATE PHYSICS. This open- 
ing chapter deals with the theory and 
application of junction diodes and tran- 
sistors. Includes a discussion of atomic 
theory and the crystal structure of ma- 
terials. 

2. JUNCTION DIODES. Here the 
author covers the application of the 
principles of solid-state physics to the 
operation and application of diodes. The 
eoaeetai equation is developed and 
its practical use in design demonstrated. 
A special section deals with Zener diodes. 
3. FUNCTION TRANSISTORS. = This 
chapter develops the various character- 
istics and parameters of transistors from 
basic energy-level diagrams. Equivalent 
circuits are defined and their use in the 
analysis of the transistor as a circuit ele- 
ment is described. 

4. TRANSISTOR NETWORK ANAL- 
YSIS. General four-terminal networks are 
analyzed in terms of the various possible 
parameters. The same techniques are 
then applied to transistor circuits. Prop- 
erties of common-base, common-emitter, 
and common-collector connected transis- 
tors are fully developed. 

5. TRANSISTOR AMPLIFIER DESIGN. 
Here the author provides practical ap- 
plication details with complete informa- 
tion on the actual design of various am- 
plifier types. 

6. NON-LINEAR AND SWITCHING 
OPERATION. In this concluding chapter 
—published in this issue—the author ex- 
plores the use of transistors as switching 
devices. Switching is considered both as 
a static and a dynamic operation. 


The 44-page reprint booklet includes the 
full published texts of each article, to- 
gether with an explanatory foreword and 
reference index. The price is $2.00 (post- 
paid) for single copy orders. See the 
Section, “Science & Engineering Re- 
prints,” on page 180, for quantity rates 
and handy Order Form. 


at 1 in. per min, readout accuracy is 
equivalent to 0.004 sq in. of input. 
Ridgefield Instrument Group, Schlum- 
berger Well Surveying Corp., Ridge- 
field, Conn. 
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IMPULSE MAGNETIZER 


Capacitor-discharge unit has over 90 
joules of energy available, suited for 
charging of metallic, ceramic, or elon- 


gated single-domain magnet materials. 
Controlled voltage output allows vary- 
ing degrees of saturation. Power sup- 
ply permits 5-sec recycle period. Op- 
erates from 117 volts, 60 cps. Coral 
Research & Development Co., 3848 
Shipping Ave., Miami 33, Fla. 

Circle 617 on Inquiry Card 


THERMOELECTRIC-MODULE 
POWER SUPPLY 


Power supply, intended mainly for 
low-power laboratory experimentation, 
is designed specifically to power ther- 
moelectric cooling modules. Output 


current manually adjustable, moni- 
tored by front panel meters. No built- 
in current regulation included, but a 
relay switch intended for activation 
by external thermostat is provided for 
feedback control. Currents, to 20 amp; 
maximum power output, 50 watts; in- 
put power, 115 volts, 60 cps. Mar-Cone 
Corp., 44 Winn St., Woburn, Mass. 
Circle 618 on Inquiry Card 


REMOTE-SENSING D-C SUPPLY 
Regulated d-c supply CR-36-20, rated 
at 0-36 volts and 0-20 amp, is regulated 
to 0.01 per cent and requires 7 in. of 
panel height. Operating features in- 
clude remote sensing to provide rated 
load regulation at load terminals rather 
than at supply terminals; remote pro- 
gramming; provision for series, paral- 
lel, or series-parallel connection. Add- 
ing external sensing resistor converts 


Circle 298 on Inquiry Card > 








Give your Products 


teem ea ert Thane 
BETTER PERFORMANCE 


HERMETICALLY SEALED, 
MIL STANDARD 
PULSE TRANSFORMERS 


@ Maximum power efficiency and optimum 
pulse performance. 

@ For use in blocking oscillator, interstage 
coupling and low level output circuits. 

@ Ruggedized construction — Grade 4. 
Series or parallel connection of windings 
for optimum turns ratio. 


an 
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Ruggedized, 


MIL STANDARD 
POWER & FILAMENT TRANSFORMERS | 


Primary 105/115/125 V 50-60~ 
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FREED TRANSFORMER CO., INC. 
1730 Weilrfield St., Brooklyn (Ridgewood) 27, N.Y. 
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. IPC DESIGN CORP. 
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Here's sure protection 
against flashback 


-on switches, circuit-breakers, controls, etc. 


Sauereisen Insa-Lute Adhesive Cement No. 1 pro- 
vides a ceramic-like coating that insulates electric- 
ity and withstands thermal shock. Easily applied 
by brushing or spraying. Hundreds of other uses 


SPECIAL TRIAL ORDER $440 


Sauereisen Cements Co., Pittsburgh 15, Pa. 


SAUEREISEN '"33ts" 


Ask for Data Sheets 
CEMENT 


>>> Lois For Contact Capsules 


SINGLE « DOUBLE « TRIPLE 


For Class 8 
Class F 
Class 

operation 


(Please specify) 


Coto-Cails 


COTO-COIL CO., INC., 63 Pavilion Avenue, Providence 5, R. I. 


MARCH 1961 Circle 301 on Inquiry Card 


CLAREED 


Sealed Contact 
Relays... 


for contamination-tree 
operation... positive 
on-off switching 


CLAREED solves the vexing problem of 
contact contamination. Its sealed, gold- 
plated contacts operate indefinitely in an 
in-built ideal environment, give positive 
on-off switching for up to millions of 
cycles. It is a relay you can install and 
forget. 


This maintenance-free operation 
makes CLAREED sealed contact relays 
ideal components for such critical appli- 
cations as transistor drives, computers, 
data processin)z equipment and many 
other high-speed devices. 

CLAREED design is simplicity itself—a 
pair of magnetically operated contacts, hermetically 
sealed in an atmosphere of inert gas within a glass 
capsule. Compact size permits almost unheard-of 
flexibility of assembly and application. 


Typical space-saving 
Clareed Relay Assemblies 


TELA ENTE Te 


Cylindrical can, containing | CLAREED relay consists | CLAREED relay module for 
CLAREED switch capsules | of 12 switch capsules en- | printed circuits. Quick 
which form core of common | closed in a rectangular | mounting. High component 
coil. Numerous variations | container and mounted density. Sturdy steel case 
0 meet design needs. on printed circuit board. | provides magnetic shield. 


If you use relays, it will pay you to know all about 
CLAREED relays...a newconcept in relay design. To 
obtain Bulletin CPC-10, address: C. P. Clare & Co., 
3101 Pratt Blvd., Chicago 45, Illinois. In Canada: 
C. P. Clare Canada Limited, 840 Caledonia Road, 
Toronto 19, Ontario. Cable Address: CLARELAY. 


See C/areed Relays 

in working logic modules... 
No tubes, no transistors. 

IRE SHOW 

BOOTHS 2218 & 2220 


Cc. P. CLARE & CO. 


Relays and Related 
Contro/ Components 
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MANDEX 


OFFERS YOU THE 
MOST COMPLETE 
LINE OF 


TERMINAL 
STRIPS c 


Subminiatures 
(%” Spacing) 


Universal Lug 


Wire-Grip Lug 


High Speed Automated 
Assemblies Bring You: 


@ Consistent Quality 
® Quick Delivery 
@ Low Cost 


Send prints-specs for prompt quo- 
tation... For complete 
information request 


NEW MANDEX 
GUIDE BOOK 
TO TERMINAL 
STRIPS 


MaANDEX 
MANUFACTURING 
Company, Inc. 
Specialists In Parts 


2622 West 48th St., Chicago 32, Illinois 
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unit to constant-current source. Voltage 
adjustment resolution is closer than 
5 mv. Electrical features include +0.01 
per cent load regulation, 0.003-volt 
peak-to-peak ripple, 40 psec recovery 
time from full-load step, 5 parts per 
10,000 per 24 hr day stability, elec- 
tronic current limiting. NJE Corp., 20 
Boright Ave., Kenilworth, N. J. 


Circle 619 on Inquiry Card 
PRINTED-CIRCUIT KIT 


Kit contains copper-clad board, etch- 
ant, and etch-resistant tape and termi- 


fe y 
@ 


<s 0 


nal pads. Includes etchant tray and 
complete instructions. Available at 
$5.00 per kit. Advanced Designs Inc., 
914 Lullaby Lane So., Vienna, Va. 

Circle 620 on Inquiry Card 


VOLTAGE DIVIDER 


Series “VDR” dividers are available 
in three grades of accuracy featuring 
from 5 to 7 switch-controlled decades 
of 2 ppm max absolute linearity anc 


0.1 ppm max resolution in resistance 
values from 100 ohms to 10 megohms. 
Unit measures 9 x 6 x 4 in. Con- 
solidated Resistance Co. of America, 
Inc., 44 Prospect St., Yonkers, N. Y. 

Circle 621 on Inquiry Card 


INDUSTRIAL OVEN 


Microwave generator allows rapid cur- 
ing of resins and moldings, fast-drying 
photographic film, etc. Power input is 


NEW RCA 20 AMP 
DIFFUSED-JUNCTION 





SILICON RECTIFIERS 
“STOP” 


CALL YOUR 
RCA SEMICONDUCTOR 


‘DISTRIBUTOR 


| For a comprehensive line of superior- 
quality RCA Transistors and Silicon 

| Rectifiers, and all RCA Semiconductors 
for special projects or pre-production 
requirements...call your RCA Semicon- 
ductor Distributor. Just check the 
extra advantages he offers you: 


Fast delivery from local stock 
Prompt delivery of the latest RCA 
types for your evaluation 

Orders filled from factory-fresh 
stock 

Up-to-date, practical product infor- 
mation 

Valuable RCA technical assistance 
when you need it 

“One-stop” service on your orders 
Specialists who understand your 
problems and your electronic needs. 


| Remember, when you want fast delivery, 

reliable service, always check first with 
| your local RCA Semiconductor Distrib- 
| utor. For the name and address of your 
| nearest RCA Semiconductor Distribu- 
| tor, write RCA, Distributor Products 
| Sales, Harrison, N. J. 


| 
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Designed to. withstand environmental extremes 





Now, new improved 20-amp RCA Silicon Diffused-Junction Rectifiers, completely in- 
terchangeable with all prototypes, are ready to bring you these important advantages: 


® 350 amp peak surge-current. 

® Lower leakage rating than prototypes. 

® High Output Current: Up to 84 Amperes—6 rectifiers in 3-phase, full-wave 
bridge circuit; 60 Amperes—4 rectifiers in single-phase full-wave bridge circuit. 

® Diffused-Junction Flat junction assures uniform dissipation over rectifying area. 


® Operation Rating—All types can be used at maximum rated voltage and current 
with full assurance of reliability. 


® Specially designed copper-alloy stud provides strength of steel and thermal 
conductivity of copper. 


®RCA Quality Throughout—Hermetic seal, welded construction, extra heavy 
terminal lug, 100% testing—all of these features help to give these new 20-amp 
silicon rectifiers the ruggedness and reliability necessary to meet environmental 
extremes. 


Call your RCA representative today for complete information on these new types. 
For further technical details write RCA Semiconductor and Materials Division, 
Commercial Engineering, Section C-54-NN, Somerville, N. J. 


Available Through Your RCA Distributor 


The Most Trusted Name in Electronics 
RADIO CORPORATION OF AMERICA 


® 


RCA SEMICONDUCTOR & MATERIALS DIVISION FIELD OFFICES—East: Newark, N. J., 744 Broad Street, 
HU 5-3900 + Syracuse 3, N. Y., 731 James St., Room 402, GR 4-5591 + Northeast: Needham Heights 94, 
Mass., 64 ‘*A’’ St., HI 4-7200 + East Central: Detroit 2, Mich., 714 New Center Bidg., TR 5-5600 + Central: 
Chicago, tI}., Suite 1154, Merchandise Mart Plaza, WH 4-2900 + Minneapolis, Minn., 5805 Excelsior Bivd. + 
West: Los Angeles, Cal., 6355 E. Washington Bivd., RA 3-8361 + Burlingame, Cal., 1838 El Camino Real, 
OX 7-1620 + South: Orlando, Fla., 1520 Edgewater Drive, Suite |, GA 4-4768 + Southwest: Dallas 7, Texas, 
7905 Empire Freeway, Fl 7-8167 + Gov't.: Dayton, O., 224 N. Wilkinson St., BA 6-2366 « Washington, D.C., 
1725 *'K"" Street, N.W., FE 7-8500. 


New RCA 20-Amp Diffused-Junction Silicon Rectifiers 


4 For One-Hailf Cycle 
@ For 60 cps, single-phase operation, 
resistive or inductive load. 


Reverse-Polarity Versions: IN248RC, 2N249RC, IN2SORC, INII95RA, INLI96RA 
IN1197RA, IN1198RA 


® At Maximum Forward Current and 
nverse Voltage Ratings, and 
over one complete cycle. 
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Forced-air cooling: Air velocity 
= 1000 feet per minute paraliel 
to plane of heat sink. 
Single-phase oneration. 
Rectifier type is stud-mounted 
directly on heat sink. Heat sink: 
1/16”-thick copper with a mat 
black surface and thermal emis- 
sivity of 0.9. 


Natural cooling. 
Single-phase operation. 
Rectifier type is stud- 
mounted directly on 
heat sink. 

Heat sink: 1/16”-thick 
copper with a mat black 
surface and thermal 
emissivity of 0.9. 


VISIT THE RCA BOOTH AT THE IRE SHOW 





ACTUAL SIZE 
: 


THESE “WIRE-WOUNDS” ARE 
CIRCUIT SHRINKERS.... . nemy 


expanded line lets AXIOHM® power resistors go into smaller circuits! 


Ward Leonard AXIOHM power resistors 
are now available in seven sizes—down 
to 2 watts, up to 12.5. 

They’re ideal for miniaturization in 
printed-circuits, industrial instrumen- 
tation and automation circuitry. But 
they’re recommended for any electrical 
or electronic application where the high- 
est stability and maximum overload ca- 
pacity are required. 

The seven AXIOHM sizes come in a 


complete range of resistance values (see 
table) from 0.1 to as high as 75,000 
ohms. Naturally, they feature the qual- 
ities Ward Leonard has made famous in 
power resistors: 

Vitrohm vitreous enamel; Ward 
Leonard’s specially made ceramic core; 
specially selected and matched resist- 
ance wire; and strong, permanent, low- 
resistance, spot-welded, lead-to-end-cap 
junctions. °.9 


SIZES AND RATINGS 


Rating 
(in watts) 


Dimensions (inches) 


5,000 
10,000 
15,000 
20,000 
25,000 
50,000 
75,000 





*Less leads. 








Get complete details in Supplement C to Catalog 15. Write for your copy and a 
list of stocking distributors today. Ward Leonard Electric Co.,34 South Street, 
Mount Vernon, New York. (In Canada: Ward Leonard of Canada, Ltd., Toronto.) 


RESULT-ENGINEERED CONTROLS SINCE 1892 


WARD LEONARD 
ELECTRIC CO. 


RESISTORS * RHEOSTATS » RELAYS « CONTROLS « DIMMERS 
VISIT US AT BOOTH 2231 AT THE IRE SHOW 
Circle 304 on Inquiry Card 


4.4 kw at 220 volts, 60 cps. Output 
frequency is 2450 mc. Unit is 25 x 25 
x 51 in. high. Induction Heating Corp., 
181 Wythe Ave., Brooklyn 11, N. Y. 


Circle 622 on Inquiry Card 


TIME AND EVENT 
SEQUENCER 

Sequencer Model TES-1 provides a 
switching operation to trigger events 
in desired order. Schedules to eight 


separate events at time intervals of 
from 100 millisec to 5 sec. Provision 
is made for remote starts: emergency 
reset possible. Interval between each 
event controlled to accuracy of 5 per 
cent of dial setting. Unit is 15 in. high, 
mounts in standard 19 in. relay rack. 
Atlantic Research Corp., Alexandria, 
Va. 
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PRODUCT INDEX 


Components, parts and materials described in this issue's editorial and advertising pages. 


Key: page number only indicates advertisement; letter “e’’ with page number indicates editorial mention. 


COMPONENTS, 
ELECTRICAL / ELECTRONIC 


Brakes—160e, 193e, 213, 254 


Capacitors—5, 76, 167, 184e, 
206e, 208e, 264e, 268e, 269 


Clutches—160e, 193¢ 


Contact devices 
Brushes and brush bholders— 
169, 234 
Commutators—230 
Contacts and contact 
49, 204 


Control systems—25, 
219e, 232e, 268e 


Electron tubes 
Cathode ray—226e 
Counting—46, 204e 
Power—51 
Storage—1 


points— 


135e, 216e, 


one. and blowers—204e, 


Filters—226e 


Heating eclements—I84e, 186¢e, 
206e 


Lights, indicator—200e, 215, 226e, 
251 


Magnetic amplifiers—216, 219e, 
220e 


Magnetic components 

Bobbins and core boxes—226 

Coils and windings—196, 207, 
222e, 275 

Cores—Inside front cover, 187, 
222 

Permanent 
254e 

Shielding—237, 


magnets—44, 193, 
242e 
Meters, panel—35, 202 


Microwave devices—199e, 
212e, 214e 


Ovens, crystal—258e 


Photoelectric devices—166e, 200e, 

21Ge 
Potentiometers—184e, 204e, 206e, 
262e 


Protective devices 
Circuit breakers—G6}3 
Fuses—66 
Tbhermal—206e, 257 


Relays 
General purpose—1\173, 
210e, 212, 230, 262, 27 
Industrial—38 
Mercury—210e, 
ee 


Reed—270 
Special—i, 
284 
Telephone—2 
Time édelay— >, >, 261 


206e, 


258e 
200e, 


Resistors—17, 
208e, 227, 238, 27 


Seals and terminals, hermetic—204 


Semiconductor devices 

Controlled rectifier—\171, 270¢e 

Photocelis—202e 

Rectifiers and diodes—29, 59, 
184e, 200e, 208e, 220, 224, 
241, 277 

Solar ‘cells—200e 

Transistors—9, 45, 59, 161, 
162e, 200e, 235 

Variable capacitors—206e 


Servo components—22, 
200, 203, 204e, 246e, 254e 


Solenoids—203, 262, 273 


Static 
184e 


switching 


194e, 196, 


elements— 20, 


Switches 


Controllers and contactors—A47, 


217, 222, 256e 
Interlock—72, 2l4e 
Limit—245, 271 
Mercury—258e 
Pushbutton—32, 33, 

217, 258e 
Rotary—199%e, 214e, 271 
Snap action—32, 271 
peveme—s iz. 262 
Thermal—2\G6e 
Toggle—32, 271 

Timers—193e, 199e, 209, 
218, 243 


Transducers 
Force—184e, 234e 
Linear displacement—232e 
Proximity—242 
Rotary displacement—172 


Transformers—75, 184e, 
222e, 224e, 260, 282 


Tuning forks—224e 
Valves, solenoid—185, 


Wire and cable—16, 229, 25Ge 
Magnet—G69, 186, 211, 221, 
247, 256e 
Power—199 
Special—254 


234e 


Wiring devices 
Cable clamps and clips—Iinside 
back cover, 240e 
Connectors—30, 
240e, 265, 267, 2 
Cord sets—58 
Grommets—176 
Plugs and jacks—198e 
Sockets—198e 
Terminals—198e, 263, 264, 267 
Terminal blocks—198e, 260¢, 
261, 276 


COMPONENTS, 
MECHANICAL / STRUCTURAL 


Bearings—41, 175, 194e, 255 
Clamps—194e 

Dials—50 

Counters—174 


Couplings—194e, 244e, 246 

Fasteners 
Bolts and 
* 246e 
Ouick-operating—244e 
Screws—194e, 263 


nuts—194e, 244e, 


Gears—194e, 260e, 272e, 275 


Housing and enclosures—195e, 
26 7 


Knobs, handles—195e, 242e, 24 
Metal mesh—195e 

Mounting hardware—24Ge 
Plastics parts—238e, 256e 
Shafts—203e 
Stops—246e 


Timers—239 


COMPUTERS AND 
COMPUTING COMPONENTS 


55. 170e, 198e, 
230e, 232e, 262e, 264e, 26 


199e, 215, 


210e, 


220e, 


199e, 202e, 228¢, 


DRAFTING MATERIALS AND 
EQUIPMENT 


Reproducing machines—31 


DRIVES 
Electrical—9 le, 248e, 268 


Mechanical 
Constant speed—194e, 
Variable speed — 194e, 


INSTRUMENTS AND TEST 
EQUIPMENT 

Amplifiers—19 
Calculators—203e, 214 

22G6e, 


Generators, electronic—14, 


232, 26G6e 
Lenses—195e 
Meters—188e, 197 
Oscilloscopes—27, 186e 


Power supplies—68, 155, 
21Ge, 249, 264e, 274e 
Recorders—43, 67, 183, 186e, 192 
Special test equipment— -186e, 

188e, 202e, 272e, 274e, 276e 
278e 


Tachometers—184e 


193e, 


MATERIALS, 
ELECTRICAL / ELECTRONIC 


Conductive materials—28 
Contact materials—28 


Insulation and dielectrics 

Casting resins—37, 40, 53, 62, 
195e, 196, 19G6e, 
273 

Epoxy curing agent—25Ge 

Fabricated parts—(see: 
ices) 

Fabrics—195e, 

Fiber—251 

Films—223, 256e 

Fluids—204e 

Foams—256e 

Laminates—10, 36, 61, 73, 200e, 
236e, 238e, 251, 255, 257e 

Mica—165 

<a compounds — 62, 194, 
19G6e, 228, 257e 

Tape—37., 19Ge, 234, 257e 

Tubing—219e, 238e, 248 

V arnishes—37 


Serv- 


196e 


Magnetic materials 
Alloys—203e 
Electrical steel—26, 34 

Magnetic powders—203e 

Semiconductor materials—184e 

Solder and flUx—270e 


Wire and 
nents, 


cable — (see: 
Electrical / Electronic) 


257e, 266e, 


Compo- 


MATERIALS, 
MECHANICAL / STRUCTURAL 


257e, 275 
Services ) 


Adhesives, sealants— 
Fabricated parts— (see: 


Metal forms 
Angles and channels 
Tape—195e 
Textured sheet— 


Metals 
Aluminum—195e 
Copper, brass, bronze—225, 233 
Steel—195e 


Non-metallic materials 
Carbides—19Ge 
Felt—25G6e 
Lubricants—257e 


—195e 


258e 


Protective coatings 
Chemical—195e, 250 


MOTORS AND GENERATORS 


Fractional-hp motors—2, 57, 191, 
193e, 202, 205, 231, 240, 250e, 
253e 

Gearmotors—2, 39, 253e€ 

Generators—263 

Integral-hp motors—193e, 226 


Precision motors—Back cover, 188, 


193e, 240e 
Special—202, 205, 213, 240, 
253e, 261, 266 


248e, 


PRODUCTION EQUIPMENT, 
TOOLS 

Coil winding—239 

Lacing tape—268 

Layout fluid—263 

Marking devices—273 
Soldering irons—163 

Wire strippers—239, 244 


Wiring machines—263, 281 


SERVICES, MATERIALS AND 
COMPONENT FABRICATION 


Ceramics fabrication — 177, 193, 
200, 264 

Metal fabrication—242, 249 

177, 234 


Plastics fabrication—G1, 189, 242 


Other fabrication—23, 


SERVICES, MISCELLANEOUS 


Employment—283 


Transportation—70 
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When you've got to attach a connector contact to the 
end of a coaxial wire, a single precise stroke of a crimping 
tool (one that crimps braid and inner conductor to the 
contact simultaneously) is the fastest way, the lowest- 
installed-cost way, the way that cuts human error in half 
. .. THE AMP WAY. 


Our COAXICON® contact is designed on this principle: 
two strokes here is one too many! 


COAXICON is a one-piece contact. It can be attached, 
simultaneously, with a single crimping tool stroke, to the 
braid and inner conductor of 37 sizes of RG/U coaxial 


ONE WILL 
DO? 


cable up to 14” O.D. (see size numbers above). And AMP 
makes the tools — hand and automatic — that couitrol 
the crimp. 

COAXICON consists of polarized, concentric male and 
female shells, made from drawn parts. The inner contacts, 
assembled in the shells, will attach equally to solid or 
stranded conductors. Where contact density is important, 
a miniature COAXICON fulfills the requirement. 

COAXICON connectors will match cable impedances in 
the 50-100 ohm range, at frequencies as high as 150 
megacycles. Impedance mis-match, incidentally, is only 
1.06 to 1.09, even at 500 megacycles. 


Write today for complete product information. 


AMP INCORPORATED 


GENERAL OFFICES: 


HARRISBURG, 


PENNSYLVANIA 


AMP products and engineering assistance are available through subsidiary companies in: Australia * Canada * England * France * Holland © Italy * Japan * Mexico * West Germany 
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shortest 
distance 
between you 


and 
RELIABILITY ! 


ELecTRIc co. 


yr 


division of 


INDUSTRIAL TIMER CORPORATION 


RELAYS 


FOR EVERY APPLICATION 


Factory Tested for Reliability! 


GENERAL PURPOSE 
Open Type Relay. Up to 
3PDT, 5 or 10 amp con- 
tact rating. Voltages up 
to 230 volts, AC or DC. 
Details in Bulletin 10. 


GENERAL PURPOSE 
Plug-In Type Relay. Con- 
tact arrangements up to 
3PDT. 5 or 10 amp con- 
tact rating. Voltages up 
to 230 volts, AC or DC. 
Details in Bulletin 10. 


PRINTED CIRCUIT Open 
Type Relay. Up to 3PDT. 
5 or 10 amp contact 
rating. Voltages up to 
230 volts, AC or DC. 
Details in Bulletin 11. 


EtectTric co. 


210 River Street, Orange, N. J. 
Industrial Relays, Foot Switches, Buzzers, Coils 
Phone: ORange 2-8200 
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AT UNIVAC... 


CAREER 
OPPORTUNITIES IN 


MANUFACTURING 
ENGINEERING 


There is an outstanding opportunity for 
personal progress at Remington Rand 
Univac. An Atmosphere of Achievement 
provides engineers unlimited opportuni- 
ties for professional progress and par- 
ticipation in creative programs of elec- 
tronic data processing. 


You are invited to investigate the 


‘opportunities now available at Univac. 


In addition to an attractive salary, you 
will enjoy liberal company benefits. 


Immediate Openings Include: 
PRODUCTION RESEARCH ENGINEERS 


A limited number of Engineers are needed 
with special knowledge and experience in- 
volving thin film techniques using vacuum 
deposition, fine wire welding, wire wrap and 
miniature connectors. This is challenging 
work in a new field and offers unprecedented 
opportunities for advancement. 


ELECTRICAL ENGINEERS 


Electrical Engineers are needed for Quality 
Control Engineering. Work involves the rigid 
standards of ultrareliability as required in 
superior data processing equipment. These 
positions include the initiation and evaluation 
of test and inspection procedures for manu- 
facturing processes. 


PRODUCTION ENGINEERS 


Electrical, Mechanical or Industrial Engineers 
are needed to plan automated processes, 
methods and tooling for the world’s most re- 
liable computers. These positions require the 
utilization of imagination and creativity in 
production. 


QUALITY CONTROL ENGINEERS 


To develop and apply statistical quality 
control techniques, initiate and evaluate 
test and inspection procedures for the 
manufacture of superior quality products. 


For immediate consideration, send 
resume of experience and education to: 


R. K. PATTERSON 
Department EE-3 


Remington. Frand. 
Hhhivac. 


DIVISION OF SPERRY RAND CORPORATION 
2750 West Seventh Street, St. Paul 16, Minnesota 





Stepping devices from A. W. Haydon Co. can do wonderful things to pulses 
...with pulses...and for pulses. For instance, one precision gated stepping 
switch acts as a pulse divider for a random or variable pulse source—or as 
a frequency divider if the pulse source is constant. Another works in con- 
junction with pulses, supplying single or multiple switch closures with an 
accuracy virtually equal to that of the pulse source itself. Still a third will 
count a predetermined number of pulses, rotate a stepper switch, return 
the counter to 000, and cut off the pulse source. # The remote positioning 
device illustrated is but one of A. W. Haydon Company's fancy steppers. 
Here a precision gated stepper switch has been coupled to a synchro trans- 
former. Similarly, precise angular positioning of rotary components such as 
potentiometers, dials and indicators can be controlled. Based only on the 
number of pulses received (not incremental changes in voltage or phase 
angle), it will hold a set position whether power is on or off, and will home 
the synchro to the zero reference on demand—ready to accept another 
setting. @ All A. W. Haydon Co. stepper motors are all-electric—no ratchets, 
linkage, contacts or other mechanical crutches are used. Their power con- 
sumption is low, accuracy is extremely high. @ Send for technical brochure 
SP9-1 and find out more about pulse driven steppers and their application. 


i 234 North Elm Street, Waterbury 20, Connecticut 
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“S & E” Reprints Now Available 


on Annual Subscription! 


Readers who have been ordering reprint copies 
of the Science and Engineering series month after 
month have inquired about the possibility of 
entering an annual subscription for this service. 
They point out that such an arrangement would 
not only be a great convenience, but would also 
facilitate their getting the reprints promptly on 
publication. 

As one reader puts it, “A subscription would 
save me the trouble of placing an order each 
month—which I have been doing for some time. 
From what I’ve seen of these S & E articles, I’d 
have no hesitation about subscribing without 
knowing in advance what particular subject areas 
are to be covered.” 


READER 


Can such confidence be denied? Of course we'll 
be glad to set up a subscription service. We'll 
start if off right away! From a practical publish- 
ing standpoint, annual reprint subscriptions 
should save on handling costs. This saving is re- 
flected in our proposed subscription fee—$6.00 
for a full year’s service to cover 12 monthly 
articles in the Science & Engineering series. 

Subscriptions received during the current month 
will start with the S & E feature appearing in 
this March issue. Previously-published articles in 
the series will, of course, still be available, if 
needed, at the single-copy price of one dollar each. 

For convenience in ordering, see Order Form 
on page 181. 
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... flexible molded nylon cable hangers that solve almost any problem in wire 
and cable support, whether it’s STRENGTH (hold over 200 lbs.), WEIGHT (only 
30% of comparable metal clips), INSULATION (will not ground or short), 
ENVIRONMENTAL RESISTANCE (withstand temperatures from-60°F to 250°F, 
oils, gasoline, other fluids), PROTECTION (fully protect cable insulation) , RANGE 
(17 sizes for single cables or groups from 14” to over 2” diam. ). 


Get your free NYLOCLIP sample from OMATON DIVISION 


NORWALK, CONNECT. B.1.C.C. — Burndy, Prescot, Lancs., England ¢ In Continental Europe: Antwerp, Belgium TORONTO, CANADA 
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\\E SIZE 8 INTEGRAL 
GEARHEAD MOTORS 


3 Times Torque Load Capacity* 


of comparable size 8 gearheads 


CPPC one-piece gearhead housing eliminates sep- 
arate gear plates and fastening posts, improves 
and maintains accuracy through exact alignment 
of gear clusters, assures smoother operation and 
more expedient inspection and servicing. 


* 


eee Cl 


Gearhead and motor are select- 
able, individual parts enclosed in 
the same common motor housing. 


nt 


PERFORMANCE CHARACTERISTICS 


SIZE 8 INTEGRAL GEARHEAD MOTOR 
SERVO MOTOR TYPE ALC-8- -1 


tT Note Torque speed curves ore linear 


whe np lotted to Cartesion coordinates 
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GEARHEAD OUTPUT SPEED-RPM 


preg 


MOTORS 


The following CPPC standard motors, electrical character- 
istics of which can be found in the current CPPC Rotary 
Components catalog, are offered with our gearheads: 


SIZE 8 SIZE 10 
ACH -8-(J-1 AMH-8-(J-3  ACH-10-[)-1 ALH-10-(9-1 
ACH -8-()-4 ALC-8-[)-1  ACH-10-(-4 ALH-10-[)-5 
AMH-8-[]-1 ALC-8-(-4 

CURRENT LEAKAGE 


VARIATION WITH TEMPERATURE OF LEAKAGE 
URRENT BETWEEN PHASES OF SERVO MOTORS 


Superiority of insula- 
tion in CPPC motors 
is illustrated by ac- 
tual comparative 
curves shown at the, 
right. 


LEAKAGE CURRENT 


TEMPERATURE-C 


CLIFTON PRECISION PRODUCTS CO.,INC. 


CLIFTON HEIGHTS, PENNSYLVANIA 


Circle 103 on Inquiry Card 








